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_ INTRODUCTION 


The original object of this investigation was to determine the 
main factors governing the distribution of the common shrimp 
(Crangon crangon L.) in Dutch waters. 

A detailed study of this distribution (prior to the closure of 
the Zuyderzee) was published by Havinca in 1930. The main 
results of this investigation are: 

Towards autumn most of the shrimps leave the Dutch shallows 
(Wadden) for the North Sea. During spring and early summer 
an invasion of the brackish waters takes place. The shrimps then 
penetrate into what was formerly the Zuyderzee and into the 
estuaries of the Scheldt. 

This short account gives only a schematic picture of the actual 
course of events. In reality it is more complicated owing to the 
different behaviour of males and females and of the younger and 
older stages. As a large part of the experimental work to be 
recorded in this paper is based upon the data procured by 
HAVINGA it is necessary to give a more detailed account of his 
results. 

The data were obtained by continuous examination (during a 
period of about two years) of the occurrence, number and size 
of shrimps in the former Zuyderzee, the Scheldt estuaries, and 
the adjoining shallows and coastal regions. The area of investi- 
gation is divided by Havinca into four natural zones (fig. 1), 
each characterized by different conditions as to the composition 
of the population and to propagation. The following summary 
is almost literally quoted from Havinca’s publication. 

From December until March zones III and IV are almost 
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Vollenhove 


Amsterdam 


Fig. 1. (After Havinga, 1930) 


abandoned. In zone II mainly young animals remain (males 
as well as females). Zone I contains the older females (both with 
and without eggs) and the older males. The oldest animals are 
generally found at the greatest cistance from the coast, sometimes 
as far out as 5-6 (nautical) miles. +) 

In March and April a general migration takes place, during 
which zones III and IV are gradually being populated by small 
females, while the larger females and the males move from zone I 
to zone II. 


1) In the winter of 1928-29, during a period of severe frost in January, 
a conspicuous decrease in the number of larger 2 2 in zone II and even 
zone I took place, which shows that migration can sometimes go on until 
far into winter. 
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From May until August larger females with eggs can be found 
both in zone II and zone III. Zone IV contains great numbers 
of small shrimps, at first consisting of females only; lateron males, 
too, become numerous. 

From August until the second half of October, when the 
hatching period is over, the larger animals are evenly distributed 
among zones I, II and III. In zone IV, however, only small 
animals occur. Details concerning the time of the year when 
and the regions where hatching of the larvae takes place will be 
given below. 

What can be the meaning of these characteristic seasonal chan- 
ges in distribution? 

In the first place it is conceivable that shrimps (or their eggs 
or larvae) may not be able to endure exceedingly low temper- 
atures. 

Havinca points out that the seasonal migration always takes 
the animals to the regions of the highest temperature available 
at the moment. During winter these regions are the North Sea 
and the deeper creeks of the Dutch shallows, during summer the 
shallow brackish waters of the Zuyderzee and Scheldt estuaries 
and a narrow strip along the Dutch coast. 

Secondly, seasonal changes in the distribution may be caused, 
at least in part, by a search for better feeding-grounds. This point 
is especially stressed by BAtss (1930) and EHRENBAUM (1890). It 
cannot be denied that the brackish regions, where great numbers 
of shrimps are found during summer, are exceedingly rich in 
food. In this connection it should be remarked, however, that 
HAvincGa only assumes the more restricted and irregular move- 
ments to depend on food conditions. 

In the third place the typical seasonal distribution could be 
explained by assuming a combined influence of temper- 
ature and salinity. From this point of view the data con- 
cerning distribution and migration could be summarized as 
follows: low temperatures should be accompanied by high salin- 
ities, high temperatures by low salinities. This inference, though 
not directly obvious from the facts described above, is based upon 
the results of experiments made by BrorKHuysEN (1936) and 
CaupRI (1937). 

BROEKHUYSEN (1936), working with the shore crab, Carcinides 
maenas (L.), attempted to find an explanation for the distribution 
of this species in the vicinity of Den Helder. This distribution is 
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in many respects similar to that of Crangon, the shore crab, like 
the shrimp, migrating seawards in autumn and back again in 
spring, but its migrations are less extensive, so that this species 
does not as a rule reach such high and low salinities. During 
summer it mainly occurs in water ranging from 10-31 9/5, 
salinity. The boundary line towards the salt water in the North 
Sea is rather clearly marked, whereas towards the less saline 
side the line is not so sharply defined. During winter the area of 
distribution is much more restricted, consisting only of the salter 
part of the area inhabited in summer. BROEKHUYSEN tried to 
find an explanation for these facts by experimentally determining 
the lowest and highest salinities the species could bear. Since he 
considered full-grown crabs less suitable for his experiments he 
decided to study the development of their eggs. Contrary to his 
expectations he found that no fixed salinity limits existed, as these 
limits (especially the lower one) depend on temperature. He 
found that at a temperature of about 16° C a salinity of at least 
20°/o 9 is necessary for the normal development of the eggs, 
whereas at a temperature of 8° C the salinity should at least be 
26°/ 9. Thus, at a higher temperature the lower salinity limit 
shifted about 6 °/)) in a downward direction. The upper salinity 
limit for normal development proved to be exceptionally high, 
lying somewhere between 40 and 50°/,). No marked influence 
of temperature upon this limit was found. 

These results, although not answering the original purpose of 
the experiments, as they did not explain the peculiar distribution 
of the shore crab, give a valuable indication towards solving the 
question why the area of distribution shows a marked shifting 
towards more saline water in winter; the more so since some pre- 
liminary experiments with full-grown shore crabs pointed to 
their being in the same way susceptible to.a combined influence 
of temperature and salinity. 

A second indication in this direction was given by the outcome 
of experiments on the influence of temperature and salinity on 
the death rates of young shrimps made by Cauprtr (1937). 

Death rates were determined in seawater of a salinity ranging 
between 10 and 45/99, with 5°/9, difference between the ex- 
periments, one series being tested at 16, another at 4° C. Un- 
foreseen circumstances caused the failure of the “warm” series 
of experiments. At a temperature of 4° C the minimum death 
rate was recorded in a salinity of about 34/99. This result 
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agrees well with the fact that in severe winters shrimps are 
mainly living at some distance from the coast, where the salinity 
does not differ much from the salinity optimum found at this 
temperature. 

Summarizing these indications concerning the combined in- 
fluence of temperature and salinity on the animals mentioned we 
can state the following: 

1. Concerning Carcinides: by a decrease in temperature from 
ca. 16°C to ca. 8° C the lower salinity limit for normal de- 
velopment of the eggs shifts from 20 to 26/99. 

2. Concerning Crangon: at a temperature of ca. 4°C the 
optimum salinity is relatively high, ca. 34 °/ 99. 

The object of my own experiments was in the first place to 
extend the investigations made by CauprRI with Crangon crangon L. 
These researches are to be described in the first part of this paper. 
I further hoped, in case a combined influence of temperature 
and salinity in Crangon could be put beyond doubt not only for 
lower, but also for higher temperatures, and for younger as well 
‘as older stages, to try and analyse the cause of this combined 
influence. The investigations bearing on this matter are de- 
scribed in part II. 


PART I. THE INFLUENCE OF TEMPERATURE AND SALINITY 
ON THE MORTALITY OF SHRIMPS 


Introduction 


We saw that the distribution of Crangon crangon L. changes with 
the seasons. In autumn and winter the animals migrate to deeper 
water farther away from the coast, in spring and summer they 
return to shallow water. The deeper water in winter is salter and 
not of such an extremely low temperature as the coastal water. 
The shallow water in summer is warm, but generally speaking 
brackish. The change in habitat, then, involves a change in both 
temperature and salinity, and we first want to settle the relation- 
ship between these two factors beyond doubt. 

We can ask then: 

1, If at a low temperature, of about 4° C, the optimum 
salinity is a high one (ca. 34 °/9y), where lies the optimum salinity 
which corresponds to the relatively high temperature prevailing 
in the Dutch Waddenzee during summer? If a combined in- 
fluence of temperature and salinity as described above can be 
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shown to exist one would suppose the optimum salinity at such 
high temperatures to be rather low, at least considerably lower 
than 34.°/oo- 

2. Is the combined influence in question the same for 
specimens of different ages? 

3. What is the influence of temperature upon the salinity 
limits between which eggs of Crangon develop normally? 

These questions are dealt with below in the following order: 

1. Death rates of shrimps of ca. 2 years old in media of 
different temperatures and salinities. 

2. Death rates of shrimps of ca. 1 year old at a temperature 
of 22°C in media of different salinities. 

3. Death rates of newly hatched larvae in media of different 
temperatures and salinities. 

4. Influence of temperature on the salinity limits between 
which egg development is normal. 


I. Death rates of shrimps of about 2 years old in 
media of different temperatures and salinities. 

In order to determine the influence of different temperatures 
on the salinity optimum the following experiments were made: 

Series 1. Animals kept in seawater of 15, 25, 35 and 45/99 
salinity, at a temperature of 22° C. 

Series 2. Animals kept in seawater of 15, 25, 35 and 45 °/o9 
salinity at a temperature of 16° C. 

Series 3. Animals kept in seawater of 15, 25, 35 and 45 °/ 9 
salinity at a temperature of 12°C. 

Series 4. Animals kept in seawater of 15, 25, 35 and 45 °/o9 
salinity at a temperature of 3—5° C. 


a. METHOD 


The length of the specimens considered to be two years old was about 
60 mm from front of rostrum to end of tail. 

The animals were kept in about 12 1 of seawater of a known salinity 
in glass aquaria of 30x 20x 20 cm. There were 4 series of 8 aquaria each, 
each series being kept at a different temperature. Two out of the 8 aquaria 
of each series were filled with seawater of 15°/ 9 salinity, 2 with seawater 
of 25°/y9 and 2 with 35 and 459/99 seawater respectively. There were thus 
32 aquaria in all. The 8 aquaria belonging to one series were all placed 
into a zinc tank, the remaining space of which was filled with tap water. 
This water was kept at a constant temperature, which was different for 
each of the 4 series. The aquaria were somewhat higher than the tank, 
so that the tap water surrounded them for about } of their height. The 
tanks were covered all around with asbestos plates. 
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The temperature of the series kept at 22 and 16° C was kept constant 
by heating the water surrounding the aquaria. To this end 3 carbon filament 
lamps, each of them in a zinc tube, were placed in the tank between the 
aquaria in such a way that each aquarium was heated to the same degree. 
Temperature was kept constant by a thermoregulator and a relay. This 
was possible, because room temperature was below 16° C. — The tempe- 
rature of the series kept at 8° CG was kept constant by a gentle flow of tap 
water, which during the experiments had a temperature of about 6° C.— 
The last series was kept at 4-5° C; the water in the tank was continually 
cooled by ice. 

The seawater within the aquaria was of salinities of 15, 25, 35 and 45 °/go- 
Much attention was given to the way in which these gradations were ob- 
tained. Seawater was brought home from well out at sea in order to have 
it mixed with as little inland water as possible. It was then made to evaporate 
at a temperature of ca. 60° C till the salinity had risen to about 70°/ 9. 
From this supply of concentrated seawater the various salinities were ob- 
tained by dilution with distilled water. The salinity was then determined 
titrimetrically with the help of KnupsEn’s tables. Thus, all the solutions 
differed from each other only in the relative quantities of concentrated 
seawater and distilled water, and if a change in the seawater would have 
taken place during evaporation all the solutions would be affected in the 
same way. 

The contents of each aquarium had to be renewed at least once a week. 
The changing was done in such a way that no temperature or salinity 
changes were involved. The used seawater was filtered several times over 
pulverized norit in order to take away the organic matter in solution as 
much as possible. After that, the salinity was again determined, and if the 
concentration was found to have changed the original salinity was re- 
established by addition of the necessary quantity of distilled water. For, 
as a’rule, the salinity during the experiments became slightly higher by 
evaporation, notwithstanding the fact that all aquaria were covered by 
glass plates in order to minimize water loss. The solutions thus treated were 
ready to be used again. 

Each aquarium was provided with a thick layer of shell sand, the quantity 
of which was the same for all aquaria. The shrimps prefer lying hidden 
Just below its surface and the shells presumably prevent the water from 
becoming somewhat acid by accumulation of carbon dioxide. 


Some preliminary experiments showed death rates increasing 
rapidly when more than 10-12 animals per aquarium were being 
used. As the aquaria were continually. aerated oxygen deficit 
could not be the cause of this increasing mortality. Moreover, it 
appeared from an oxygen titration that the presence of 16 
animals, kept at a temperature of 22° C, had no noticeable effect 
on the oxygen content of the aquarium water. Possibly an un- 
favourable influence was caused by waste products. Anyhow, it 
appeared necessary to take no more than 8-10 animals per 
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aquarium. This amounted to 16-20 animals (distributed over 
2 aquaria) per degree of salinity. 

_ By using 16-20 animals per salinity it was just possible to ob- 
tain workable results. By taking a smaller number the influence 
of temperature and salinity upon death rates may be obscured 
by the influence of incidental and uncontrollable factors, pro- 
bably due in part to circumstances under which the animals had 
been living before they were used for the experiments. 

Freshly caught shrimps were never used. Before being used for 
an experiment the animals were kept for at least a week in the 
great aquarium basins of the Zoologica] Station, in which 
salinity generally amounted to ca. 309/99. After that, a number 
of shrimps were kept during one day in aquaria of 25 and 35 °/o9 
salinity, the temperature remaining the same. The next day 
these animals were transferred into aquaria of 15 and 45/99 
salinity respectively, still at the same temperature. 

At the same time the 25 and 35 °/9 aquaria were repopulated 
with fresh animals. On the following 1 or 2 days the temperature 
was gradually increased or lowered to the desired degree. 

Mortality among the animals in each aquarium was checked 
twice a day. The experiments were carried on until most of the 
animals had died. 


6. EXPERIMENTS 


The results of the first four experiments are represented in 
abridged form in table 1 (a and 4), 2, 3 and 4, and in the cor- 
responding graphs 1-4. 


Series 1. Temperature 22° C 


The complete course of events of this series is recorded in 
table 1a. Table 1) gives the results in a more convenient ar- 
rangement (see also graph 1). — 

_ The temperature during the experiment varied between 21.4 
and 22.5° C. The salinity extremes are given below: 


Salinity in °/o 15 25 35 45 
maximum 16.2 25.8 937.9 45.0 
minimum $5.t 25.1. 35.2, Ad 


Six animals were eaten by the others during or shortly after 
moulting; one of them originated from a 15 °/y) aquarium, 3 from 
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TABLE ta 


Decrease in the number of animals kept in media of different salinities at 
a temperature of 22°C 


Date 


Number of animals per aquarium 


aqua-| aqua- aqua- aqua-}| aqua-| aqua- 
rium 2}/rium 1 rium 2}rium 1 rium 2}rium 1} rium 2 

10 10 10 10 10 | 10 10 | 10 
9 Jo 9 10 atin! Ss 6 4 
6 7 8 9* 9 8 6 | 3 
4* 6* 8 9 7 7 6 2 
I 6 7 8* 6 6 an" I 
I 4 7 6 6 6 Oo. Petig 
oO 4 7 4 5 6 | 

2 6 4 4 5 

2 5 4 3 3 

- 5 4 3 3 

I 5 , 3 s 

I 5 3 2 3 

I 3 2 2 3 

I 2 2 I 2 ) 

I 2 2 I 2 | 

I I 2 I 2 . 

I I I o 2 } 

TABLE 15 


Time (expressed in days) elapsing before 5, 10 and 15 animals out of a total 
number of 20 have died in each salinity. Temp. 22° & 


Salinity 


15 °/o9 
25,°/o9 
35°/o0 
45 °/o0 


Time in days 
elapsing before 
5 animals have 


died 


~ 
aD 
top tap 


N WN 
to 


; 


Time, etc. 
10 animals 


84 
344 


| 224 
) 4 


Time, etc. 
15 animals 


a 25°/o9 and 2 from a 35/5) aquarium. In table 1a these “un- 
natural death cases” are marked with an asterisk; in the graphs 
all death cases are recorded without distinguishing between 
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number of dead animals 


20 


17/3 20/3 1/5 


Graph 1. Death rates of shrimps of ca. 2 years old in media of 15, 25, 
35 and 45°/ 9 salinity at a temperature of 22° C. 


natural and unnatural death. In table 15 only those animals 
which died a “natural’’ death are accounted for. 


Series 2. Temperature about 17°C 


For this series see table 2, which is to be compared with table 
1b. A table like table 1a of the foregoing series, giving the 
decrease in the number of animals in the media of different 
salinity, is omitted here as well as furtheron (see. also graph 2). 


TABLE 2 


‘Time in days elapsing before 5, 10 and 15 animals out of a total number 
of 20 have died in each salinity. Temp. 17° C 


Time in days 
Salinity elapsing before Time, etc. Time, etc. 
5 animals have | 10 15 
died 
15,°/99 38 11g 254 
25°/oo 74 19 23% 
35°/o0 123 16 21 
452i ce 123 16 21 
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number of dead animals 


20 


15 


IO 


12/4 15/4 27/5 


Graph 2. Death rates of shrimps of ca. 2 years old in media of 15, 25, 
35 and 45°/o9 salinity at a temperature of 17° C. 


During the course of the experiment the temperature rose 
from 15.9 to 19.5° C. Salinity extremes are given below: 
Salinity in 9/9 15 25 35 45 
maximum 15.6.. 26.0 35.1 45.5 
minimum 15.0 25.0 34.6 44.5 
In this series no cannibalism occurred. 


Series 3. Temperature about 12° C 


The results of this series can be found in table 3 and the cor- 
responding graph 3. 
TABLE 3 
Time in days elapsing before 3, 5 and 7 animals out of a total number of 
20 have died in each salinity. Temp. 12°C 


Time in days | . 
Salinity | elapsing before | Time, etc. | Time, etc. 
| 3 animals have | 5 7 
died | 
I 
15 Joo | 2} 18} 31 
25°/o0 203 ) 31 35% 
357/00 10 | 293 31 
45°/00 7 234 | 35% 
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number of dead animals 


15 


1O} 


date 
23/4 26/4 31/5 


Graph 3. Death rates of shrimps of ca. 2 years old in media of 15, 25, 
35 and 45°/, salinity at a temperature of 12° C. 


At the beginning of the experiment the temperature was 
about 9° C. Owing to a rise in temperature of the tap water 
used for cooling a gradual rise, to about 13° C, took place. The 
highest temperature was 14.5° C, but this occurred only during 
the last few days; the lowest temperature was 9° C. Salinity 
extremes are given below: 


Salinity in °/o9 15 25 35 45 
maximum THO 25.9" 3n.0 | 45.4. 
minimum 15.0 24.9 34.6 44.4 


On May the 24th one of the 15.°/o9 aquaria suffered from lack 
of aeration. At this time the aquarium still contained 6 shrimps. 
As these animals were considerably weakened by oxygen lack 
the aquarium had to be put out of action. The results of this 
series are therefore incomplete. 

Two animals were eaten by others during or shortly after 
moulting. One of them belonged to a 45, the other to a 25/9 
aquarium. 


Series 4. Temperature 3-5° CG 


The results of this series are put together in table 4 and the 
corresponding graph 4. 
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TABLE 4 


Time in days elapsing before 1, 2, 4 and 8 animals out of a total number 
of 20 have died in each salinity. Temp. 3-5° C 


Time in days | 


Salinity elapsing before | Time, etc. | Time, etc. | Time, etc. 
I animal has | 2 4 8 
died 
15 "le 14 24 | 8 214 
25°/o0 114 30 | 593 634 
35°/00 21} 73% 
45 °/oo 32 15% 19 373 


The highest temperature was 6.9°, the lowest 2.0° CG. The 
salinity extremes are given below: 


Salinity in °/ 99 15 25 35 45 
maximum 15.5 25.8 35.4 45.2 


minimum 139.4 24.1. $4.96. 44:4 


Four animals were eaten by others during or shortly after 
moulting; 2 of these belonged to the population of a 25/99, 2 to 
that of a 35 °/o9 solution. 


Results of sertes 1-4 


At a temperature of 22° C the salinity optimum seems to be 
lying somewhere between 25 and 35°/o9. Since the death rate 
in a salinity of 25°/ 99 was, on the whole, found to be somewhat 
smaller than in a salinity of 35 °/o9 the optimum at this temper- 
ature may be in the neighbourhood of 29 °/ go. 

Table 15 shows that the number of days elapsing before a 
given number of animals have died is greatest in a salinity of 
25 °/oo- 

At a temperature of about 17°C animals kept in various 
degrees of salinity show no marked difference in mortality; table 
2 shows that the number of days elapsing before 15 animals die 
is about the same for all salinities; anyway, differences are too 
small to be of any significance. 

The same holds for a temperature of about 12° C; it appears 
from table 3 that the time in which the death of the first 7 animals 
takes place is about the same for all salinities. 

At a temperature of about 4° C death rates in the various 
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solutions show marked differences. Table 4 shows that the space 
of time during which a given number of animals die is greatest 
- in 35/9. In 25°/oo, which follows next, it is much smaller, and 
in 45 and 15°/o, it is smaller still. The optimum therefore lies 
between 35 and 25°/99, apparently little below 35/99. This 
result corresponds with that of CauprR1, who, experimenting with 
5-6 months old shrimps, found a salinity of about 34°/ 99 to be 
optimal at a temperature of about 4° C. 

The differences in death rates at a temperature of about 
22° C (series 1) are rather small. The possibility therefore might 
exist that they are due to fortuitous causes. In order to make 
certain about this point the experiments at this temperature 
were repeated twice over. 


Sertes 5. Temperature about 22° C 
The results of this series are given in table and graph 5. 


TABLE 5 


Time in days elapsing before 5, 9, 13 and 17 animals out of a total number 
of 22 have died in each salinity. Temp. 22° C 


Time in days 
Salinity elapsing before | Time, etc. | ane etc. si etc. 
5 animals have 9 
died | 
15°/oo gt 154 | 184 22 
25, °/o9 12} | 153 / 19 274 
95 oak 84 164 224 28 
45 °/oo 2 2 | 54 | 10 
| 


The highest temperature was 22.4°, the lowest 20.0° C. The 
salinity extremes are given below: 


Salinity in °/5, 15 25 35 45 
maximum 15.6 26.0 35.4 45.8 
minimum 15.0 25.3 34.8 45.2 


Three animals were eaten by others during moulting. Two of 
them belonged to a salinity of 35 °/ 9, one to a salinity of 2 aires 


number of dead animals 
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Graph 5. Death rates of shrimps of ca. 2 years old in media of 15, 25, 
35 and 45°/o) salinity at a temperature of 22° C. 


Series 6. Temperature about 21°C 


The results of this series are given in table and graph 6. 


TABLE 6 


“Time in days elapsing before 5, 10, 15 and 18 animals out of a total number 


of 20 have died in each salinity. Temp. 21° C 


Time in days 
Salinity elapsing before | ‘Time, etc. Dimas. ete: Tame sets 
| 5 animals have 10 15 18 
died 
| 

15°/09 1} 7 104 173 
25 °/99 3% gs 18 215 
25, °/o9 24 34 54 rid 
45 °/o0 IZ 24 3 4 


The highest temperature was 21.5, the lowest 17° C. The latter 
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Graph 6. Death rates of shrimps of ca. 2 years old in media of 15, 25, 
35 and 45°/ 9 salinity at a temperature of 21° C. 


temperature, caused by the temporary failing of the heating 
system, only lasted for a short time. 
The salinity extremes are given below: 


Salinity in °/ 9 15 25 35 45 
maximum 15.6 25.4 35.7 45-4 
minimum 14.9 25.1 35.0 45.1 


One animal belonging to a salinity of 25°/9) was eaten by 
the others during moulting. 


Results 


On the whole, the results of the second and third 22° C series 
are similar to that of the first series. 

In the second 22°C series (series 5) mortality is about the 
same in salinities of 15, 25, and 35°/99. Only during the last 
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stages of the experiment mortality among the animals kept in 
a salinity of 15°/o9 is greater than in the other two media; 
hence the salinity optimum at this temperature may be about 
28 °/ oo. 

The third 22° C series (series 6) resulted in somewhat greater 
differences in death rates. The lowest death rate was found in a 
salinity of 25 °/ 9. The optimum salinity, however, may be some- 
what lower, as mortality (especially during the first stages of 
the experiment) was lower in 15 than in 35 °/ 9. 

Finally, by experimenting with a narrower salinity range, I 
attempted to determine the salinity optimum at a temperature 
of 22° C more precisely. Starting with 20 animals per salinity 
death rates were recorded in 20, 25, 30 and 35°/o9 degrees of 
salinity. 


Sertes 7. Temperature 22° C 
The results of this series are given in table and graph 7. 


TABLE 7. 


Time in days elapsing before 5, 10, 15 and 17 animals out of a total number 
of 20 have died in each salinity. Temp. 22° C 


Time in days 
Salinity elapsing before | Time, etc. Time, etc. Time, etc. 
5 animals have Ke) 15 17 
died 
RR RR RR SEE 
230°) Q6 5 103 183 21 
25 °/o0 44 103 184 224 
30/99 5% 9% 17 224 
35 °/oo 4 6 16 20 


The highest temperature was 23.5°, the lowest 21.8° C. The 
salinity extremes are given below: 


Salinity in °/ 9 20 25 30 35 
maximum 20:2 9573 '3Ti0 35.2 
minimum 20.0 24.9 30.0 35.0 


No cannibalism occurred. 
As could be expected differences in death rates are only small 
here. However, mortality among the animals kept in a salinity 


20 M. M. M. BROEKEMA 


number of dead animals 


5/5 8/5 4/6 


Graph 7. Death rates of shrimps of ca. 2 years old in media of 20, 25, 
go and 35°/ 99 salinity at a temperature of 21° C. 


of 35°/o9 is somewhat higher than in the other three degrees 
of salinity. As death rates in these salinities (20, 25 and 30°/ 9) 
are about equal this series also leads to the conclusion that a 


salinity optimum exists near (probably somewhat below) 30 °/ 99. 


Summarizing the results of all these experiments we come to 
the following conclusions: 


1. Obvious differences in mortality among animals kept in 
various degrees of salinity were only found at extreme temper- 
atures, in casu 4° C and 22° C. 


2. These differences are the following: 

a. At a temperature of 3-5°C the salinity optimum for 
shrimps of about 2 years old is ca. 33 °/99. The highest death rate 
at this temperature is found in a salinity of 15 °/ oo. 

b. Ata temperature of about 22°C a rather indistinct op- 
timum is found in the neighbourhood of 25/55. As two out of 
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three experiments point to the optimum being higher than 
25°/oo the optimum might be about 28-29°/y). The highest 
death rate at this temperature was found in a salinity of 45 °/ 9. 


3. Under laboratory conditions the duration of life is con- 
siderably longer when the animals are kept at a low than when 
kept at a high temperature. Consequently, death rates in various 
degrees of salinity at high and low temperatures respectively can 
only be compared in a relative way. Relatively, the salinity 
optimum is ca. 28°/o) at 22° C, ca. 33°/9, at 4° C. This does 
not mean, however, that in a salinity of 28-29 °/), the average 
duration of life is longer at 22° than at 4° C. On the contrary, 
as stated above, the average duration of life is longer at the latter 
temperature. 


II. Death rates of shrimps of ca. one year old 
(length from rostrum to tail 35-40 mm) at a temperature 
Grigori $5. 25, 3h and\45°/) salinity: 

This series was undertaken with the intention of determining 
the salinity optimum at a high temperature for comparatively 
young animals. 

According to Havinca “small”? shrimps penetrate earlier and 
farther into the brackish water. This observation suggests their 
having a relatively low salinity optimum at a high temperature. 

The results of this series are recorded in table and graph 8. 


© 


TABLE 8 


Time in days elapsing before 6, 11, 16 and 21 animals out of a total number 
; of 30 have died in each salinity. Temp. 22°C 


Time in days 
Salinity elapsing before 
6 animals have 


Time, etc. Time,ete: 
16 QI 


15°/o9 4 | 164 20 304 
25 “Veo 4t 12 16 22 
35° loo 3 104 154 22 
45 °/o0 23 4 43 3 


Highest temperature 21.8° C, lowest temperature 21° C. Due 
to a temporary failing of the heating system the temperature 
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number of dead animals 


30 


20 


10 


4/3 7/3 6/4 


Graph 8. Death rates of shrimps of ca. 1 year old in media of 15, 25, 
35 and 45/9 salinity at a temperature of 22° C, 


one night fell to 13° C, but for a few hours only. The salinity 
extremes are given below: 


Salinity in °/ 9 15 25 35 45 
maximum 15.3 25.9 35-3 45-4 
minimum 15.0 25.3 34.9 44.9 


Eight animals were eaten by others during or shortly after 
moulting. T'wo of these belonged to the population of a 15 °/ 99, 
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two to that of a 25/99, one to that of a 35 °/o) and three to that 
of a 45°/o9 solution. 


Apparently, for young shrimps the salinity optimum at a 
temperature of 22° C lies in the vicinity of 15 °/ 9. This is indeed 
a considerably lower salinity optimum than was found for 
the older animals. That a salinity of 15/99) was really the most 
favourable also appeared from the behaviour of the animals 
in this salinity; on the whole they were more lively and con- 
sumed more food than in the higher degrees of salinity. 


Ill. Death rates of newly hatched larvae in media 
of different temperature and salinity. 


a. MertTHOoD 


The larvae used for these experiments mostly came from females of about 
two years old, which were kept for the purpose of the experiments recorded 
under I. During the course of the latter experiments it often occurred that 
large numbers of larvae made their appearance in one of the aquaria in 
which death rates were being checked. These larvae, all of which hatched 
at practically the same time in a medium of known temperature and salinity, 
were too valuable a material not to be used for further study. Unless stated 
otherwise, they were used 1-2 days after hatching. 

The larvae were distributed over a number of small glass jars. These 
jars, containing ca. 100 cc of seawater of known salinity, were set out in 
3 or more series. Each of these consisted of 3-4 different salinities, and was 
kept at a constant temperature ranging between 4 and 22° C. The transfer 
of the larvae in media of different salinity was always carried out suddenly, 
without intermediate steps. Temperature changes were applied gradually, 
although over a very short space of time, about half an hour as a rule. 

-The larvae were fed with plankton. Generally, they lived only for about 
12 days. Notwithstanding this very short duration of life death rates proved 
to be different for animals kept under different temperature and salinity 
conditions. Since it proved to be impossible to discern death with the naked 
eye the larvae were pipetted on an object slide and examined microscopically. 
Ceasing of the rectal respiration served as a criterion for death. 


6. EXPERIMENTS 


1. The first larvae used for experiments had hatched in seawater of 
30/59 salinity and at a temperature of about 22°C. They were used for 
4 series of experiments, each of which was composed of salinity degrees 
of 15, 20, 25, 30, 35 and 40°/»9. The four series were kept at temperatures 
of 22, 16-18, 10-12 and 3-5° C respectively. The number of larvae per 
salinity was 15. One series therefore contained 105 and the four series to- 
gether 420 specimens. 
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The salinity optima found for the various temperatures are 
given below. They should be consulted together with the graphs 


(ga, 9b, gc and gd). 

Temperature Optimum 

3-5 GC. ca. 35°/00 

10o-12° CG ca. 32.5 °/o9, which represents the average between 
25, 30, 35 and 40°/ 9, death rates 


being the same in each of these 
salinities 


16-18° C canon aioe 
22°C somewhat below 25 9/99, since the death rate during 
the first days of the experiment was 
lower in 20 than in 30°/ 99 


Graph g. Death rates of shrimp larvae in media of 15, 20, 25, 30, 35 

and 40°/o9 salinity at temperatures of 3-5, 10-12, 16-18 and 22° C. In 

all graphs no. 9— no. 18 the number of dead animals is plotted vertically, 
the date horizontally. 
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The data point to a shifting of the salinity optimum towards 
the fresher side of the salinity range when temperature is in- 
creased. From the graphs this becomes especially clear by com- 
paring the position of the 25 °/ 9) death curve with respect to the 
position of the other curves. With increasing temperature the 
position of the 25°/ 9 curve gradually shifts towards the right 
side of the graph (which means that it becomes more and more 
favourable), while the 30, 35 and 40°/ 99 curves are successively 
passed. 


25/5 30/5 25/5 29/5 


Graph 10. Death rates of shrimp larvae in media of 10, 
20, 25, 30, 40 and 45°/o, salinity at temperatures of 3-5, 
1%, 7 aar.t 220°C. 


2. The larvae used for this experiment had hatched in a salinity of 
25/5) and at a temperature of 13° C. The experiment consisted of 4 series, 
each series containing salinities of 10, 20, 25, 30, 40 and 45°/99. They were 
kept at temperatures of 22, 17, 13 and 3-5° C. The number of larvae per 
salinity was 13, their total number therefore 312. 


The salinity optima for the various temperatures follow below. 
Compare graphs 10, a~d. 
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Temperature Optimum 

3-5° GC between 25 and 30°/o9 

13°G somewhat below 30 °/99, 20 being more favourable 
than 40 °/o9 

re somewhat above 25°/ 9, 20 being somewhat less 
favourable than 25 and 309/99 

Daal @: about 25/9) (similar course of 20, 25 and 30°/ 

curves) 


In this case the shifting of the salinity optimum with increasing 
temperature is not very distinct, owing to the deviating out- 
come of the 3-5° C series; this deviation is discussed furtheron. 


3. The larvae used for this experiment had hatched in a salinity of 
30°/ 9 at a temperature of 16° C. The experiment consisted of 3 series, each 
series containing salinities of 20, 25, 30, 35 and 40°/99. The 3 series were 
kept at temperatures of 3-4°, 8° and 22°C respectively. The number of 
larvae per salinity was 13, their total number therefore 195. 


The salinity optima for the various temperatures follow below. 
See also graphs 11, a-c. 


Graph 11. Death rates of shrimp larvae in media of 20, 25, 30, 35 and 
40°/o9 salinity, at temperatures of 3-4, 8 and 22° G 
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Temperature Optimum 


3-4° C 35 °/oo Lhe larvae which were kept in a salinity 
of 25 °/o9 were lost by accident. It is very 
improbable, however, that 25°/ 9, would 
have been more favourable than 35 °/o, 
as 30 °/ 9, proved to be less favourable than 


35 Jou 
8° G 25 °/o0 
22° C between 20 and 25°/ 9, probably nearest to 20 °/ 9 


This series of experiments again showed a marked shifting 
of the salinity optimum towards fresher water with increasing 
temperature. A comparison of the mutual position of the 20 
and 30°/,), curves at different temperatures can serve to make 
this clear: at a temperature of 22°C a salinity of 20°/ 9, is 
more favourable than a salinity of 30°/99; at 8°C 20 and 
30 °/5, are equally favourable, at 3-4°C 30/9, is more favour- 
able than 20 °/ go. 


4.. The larvae used for this experiment had hatched in a salinity of 
45°/o9 at a temperature of 16°C. The experiment consisted of 3 series, 


© 15°00 
A 25 °loo 
fe) 30 Sloo 
+ 35 loo 
& 45°loo 


21/4 26/4 


Graph 12. Death rates of shrimp larvae in media of 15, 25, 30, 35 and 
45/99 salinity, at temperatures of 2-3, 16 and 22° C. 
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each series containing salinities of 15, 25, 30, 35 and 45°/g9. They were 
kept at temperatures of 2—3 ,16 and 22°C. The number of larvae per salinity 
was 10, their total number 150. 


The salinity optima for the various temperatures follow below. 
See also graphs 12, a-c. 


Temperature Optimum 

2-3° C ca. 35°/o0 i 

16°C ca. 33/99 (35 °/o9 is the most favourable salinity, 
immediately followed by 30 °/ 99) 

22°C 31 Or 32/9 (30°/o) is the most favourable 
salinity, 35 °/) is more favourable than 
25 °/o0) 


Here, too, shifting of the salinity optimum can be observed, 
although differences are only slight. The fact that all salinity 
optima are relatively high may be due to the extremely high 
salinity (45/99) in which the larvae had hatched. In the lower 
degrees of salinity these larvae, while still living, showed con- 
siderable swelling. 


5. The larvae used for this experiment had hatched in a salinity of 
30/59, at a temperature of 15° C. The experiment consisted of 4 series, 
each series containing salinities of 15, 20, 25, 30, 35 and 40°/ 9. The series 
were kept at temperatures of 3, g-10, 16-17 and 22°C. The number of 
larvae per salinity was 13, the total number 312. 


The salinity optima for the various temperatures are given 
below. Compare also graph 13, a-d. 


‘Temperature Optimum 


2-3° C No clearly marked optimum. In salinities of 15 and 
20 °/ 9 Swelling of the larvae occurred. A salinity 
of 40 °/ 99 was distinctly unfavourable. The course 
of mortality in the remaining degrees can hardly 
be followed, since observations on the 7th and 
8th of March are lacking. 


g-10° C ca. 28 °/ 59 (30°/ 99 somewhat more favourable than 
25 °/ 90) 
16-17° CG Ca. 25 °/o9 (20 9/99, 25 °/o9 and 30 9/99 about equally 
favourable) 
22°C Ca. 23 °/99 (25 °/ 99 somewhat more favourable than 


20 °/ 99). 
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Graph 13. Death rates of shrimp larvae in media of 15, 20, 25, 30, 35 
and 40°/), salinity at temperatures of 3, g-10, 16-17, and 22° C. 


Shifting of the salinity optimum is clearly illustrated by the 
mutual position of the 20 and 30°/9, curves at different tem- 
peratures; at a temperature of g-10° C 30 °/9, is more favourable 
than 20 °/ 9, at 16-17° C the two curves show similar courses, at 
22° C 20°/ 9 is more favourable than 30 9/99. 

-6. The larvae used for this experimnent had hatched in a salinity of 
30°/ 9 at a temperature of 16°C. The experiment consisted of 3 series, 
each series containing salinities of 10, 15, 25, 30, 35, 40 and 45°/o9. The 
series were kept at temperatures of 8, 16 and 22° C. The number of larvae 
per salinity was 15, their total number 315. 

The salinity optima for the various temperatures are given 
below. See also graph 14, a-c j 


‘Temperature Optimum 
8° C 33 2/90 (30°/o9 and 35°/o9 are equally favourable, 
40°/o9 is also comparatively favourable) 
16°C ca. 30/9, (perhaps somewhat over 30/99, as 
35/9 is slightly more favourable than 25 °/ 99) 
22°C ca. 28 9/59 (30 °/99 somewhat more favourable than 


25 9/09) 
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Graph 14. Death rates of shrimp larvae in media of 10, 15, 25, 30, 35, 
40 and 45°/o9 salinity at temperatures of 8, 16 and 22° C. 


In a salinity of 10°/99, irrespective whether temperature is 
low or high, all larvae die within 30 seconds. When transferred 
into this salinity they always react in a peculiar way, swimming 
furiously about for 10-20 seconds. It seems clear that this is a 
reaction to the extremely low salinity. No such reaction was ever 
seen when larvae were transferred into media of very high 
salinity, for instance 45 °/»9. Neither was a similar reaction ever 
observed with full-grown shrimps even when transferred into 
tapwater, nor in a salinity as high as 45 to 50°/o9. In a salinity 
of 45°/ 9, too, the larvae were dead in a short time, 2—3 hours. 


Shifting of the salinity optimum with increasing temperature 
can be followed by comparing the course of the 25, 30 and 35 °/99 
curves in relation to each other at different temperatures. 
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7. The larvae used for this experiment had hatched in a salinity of 
25°/o9 at a temperature of 22°C. The experiment consisted of 4 series, 
each series containing salinities of 15, 20, 25, 30, 35 and 40°/o9. The series 
were kept at temperatures of 3, 8, 16 and 22°C. The number of larvae 
per salinity was 15, their total number 330. 


© 15°loo oO 30 loo 
© 20 “loo + 35 °loo 
A 25 Ploo ft 40°%loo 


Graph 15. Death rates of shrimp larvae in media of 15, 20, 25, 30, 35 
and 40°/9 salinity at temperatures of 3, 8, 16 and 22° C. 


The salinity optima for the various temperatures are given 
below. See also graph 15, a-d. 


Temperature Optimum 


3° C somewhat below 25 °/99 (20/90 is more favourable 
than 30/99, 25°/o0 is the most favourable 


salinity) 
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8° C somewhat below 35 °/99 (30°/99 more favourable 
than 40 9/99, 35 °/oo the most favourable salinity) 

16°C somewhat below 309/99 (25°/9, more favourable 
than 35 °/59, 30 °/99 the most favourable salinity) 

BOO somewhat below 25°/o9 (20°/9, more favourable 


than 30/99, 25 °/99 the most favourable salinity) 


Apart from the outcome of the 3° C series the salinity optimum 
can again be observed to shift in a downward direction with 
increasing temperature. This becomes particularly clear by 
‘comparing the position of the 25 and 35°/ 9 curves in relation 
to-each other at different temperatures. The deviating results 
-obtained at a temperature of 3°C will be discussed on p. 36. 


8. The larvae which were used for this experiment were taken from 
-a large aquarium (salinity about 29°/9,, temperature about 7° C), contain- 
ing about too full-grown shrimps. The greater part of these consisted 
-of egg-bearing females. Consequently, the material for this experiment 
was not so uniform as in the other cases. Probably larvae of different age 
and origin were used, although they showed no apparent differences in size. 
They were older than the larvae used in the previous experiments, about 
1-2 weeks instead of 1-2 days. 

The experiment consisted of 3 series, each series containing salinities 
-of 10, 20, 30 and 40°/99. The series were kept at temperatures of 9, 16 and 
22°C respectively. The number of larvae per salinity was 15, their total 
number therefore 180. 


In connection with the result of experiment 6 it is of interest to 
note that the larvae used for experiment 8 proved to be able 
to live for some days in a salinity of only 10°/ 99. The different 
results obtained with both sets of larvae can possibly be explained 
by the fact that for experiment 8 larvae of 1-2 weeks were used, 
whereas in the case of experiment 6 the larvae had newly 
hatched. 

The salinity optima for the various temperatures are given 
below. See also graph 16, a-c. 


Temperature Optimum 

9° G Ca. 35 °/o9 (30 and 40°/ 9 equally favourable) 
16°C ca. 26°/99 (30°/99 more favourable than 20 °/,,) 
22°C Ca. 23°/o9 (20°/o9 more favourable than 30 °/ 99) 


Shifting of the salinity optimum can be easily followed. 
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‘Graph 16. Death rates of shrimp larvae in media of 10, 20, 30 and 40°/ 9 
salinity at temperatures of 9, 16 and 22° C. 


g. ‘The larvae used for this experiment were taken from the same aqua- 
‘rium as the larvae used for experiment 8. Their age probably varied be- 
“tween one and two weeks. 

The experiment consisted of 3 series, each series containing salinities 
-of 15, 25, 35 and 45°/o9. The series were kept at temperatures of 7, 16 and 
21°C respectively. The number of larvae per salinity was 13, their total 
number 156. 


In connection with the outcome of the experiments 2 and 6 
‘it is of interest to note that the larvae could stand a salinity of 
45/9 pretty well, especially at a temperature of 7° C. In this 
case, too, the fact that the larvae were somewhat older than 
those used for the experiments 2 and 6 may be responsible for 
‘their different conduct. 


The salinity optima for the various temperatures are given 
-below. See also graph 17, a-c. 
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Temperature Optimum 
rag, somewhat above 35 °/oo 
16°C between 25 and 35°/oo 
21°C ca. 25 yeu 


21/2 2/3 21/2 26/2 


Giaph 17. Death rates of shrimp larvae in media of 15, 25, 35 and 45 °/p¢. 
salinity at temperatures of 7, 16 and 21° C. 


The experiment had to be broken off before all larvae kept 
in the 7°C series had died. At the end of the experiment the 
number of survivors was greatest in salinities of 35 and 45 °/ 99. 


Summary (see graph 18) 


On the whole, 9 experiments, each consisting of a great 
number of temperature-salinity combinations, were carried out. 
In 7 of these experiments the salinity optimum was found 
to shift in a downward direction with increasing 
temperature. The results of two experiments in so far formed 
an exception that at a low temperature (3—5° C) the optimum 
proved to be relatively low (27 and 23°/ 99 respectively). Apart 
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Graph 18. Salinity optima at various temperatures for newly hatched 
shrimp larvae. Hatching of the larvae took place in media of the following 


temperatures and salinities: 


30°/o9 
25, °/oo 
30 °/o9 
45 °/00 
309/99 
309/99 
25,°/o9 
29°/o9 
29 °/o9 


22° C. 
Trg G. 
16° C. 
FOC: 
15°C. 
Tos. 
29°C, 

7 eG. 

paler 


(exp. 
(exp. 
(exp. 
(exp. 
(exp. 
(exp. 
(exp. 
(exp. 
(exp. 


from these two experiments the salinity optima at a temperature 
of 3-7° C ranged between 33 and 37°/99, whereas at 21-22° C 
they varied between 23 and 27 (in one case 30) 9/99. At inter- 
mediate temperatures the position of the optima is rather 
irregular. At ca. 16°C the optima ranged between 24 and 
33 °/ 99, at 8° C between 25 and 35 / po. 

It appears highly probable that the temperature and salinity 
in which the development and the hatching of the larvae took 
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place have considerable influence on the position of the optima. 
First of all, the larvae which were used for experiment 4 hatched 
dn a salinity of 45 °/ 9, which may be called extremely high. All 
optima, especially those for high temperatures, in this case 
proved to be relatively high; at 22°C the optimum was 30 °/99, 
whereas in all other cases it lay below 27°/ 99. Secondly, the 
larvae used for experiments 7 and 2 hatched in the comparatively 
low salinity of 25°/99, at rather high temperatures, 22 and 
13° C respectively. In these cases all salinity optima, especially 
-at low temperatures, proved to be exceptionally low. 

In the foregoing pages we met with some few cases in which 
the optimum salinity for a low temperature was low instead of 
high. In experiment 2 the optimum for 3—5° C was lying be- 
tween 25 and 30°/99, in experiment 7 the optimum for 3° C 
was even below 25 °/o9. The explanation may be that the tem- 
perature changes for these larvae were too great. In experiment 
2 the change was from 13 to 3~5° C, in experiment 7 from 22 to 
3° C. Consequently, in these cases the larvae were subjected not 
only to changes in salinity, but also to a change in temperature 
of in one case 10, in the other 19° C. This may be more than the 
Jarvae can stand, and it is probably the reason why they soon 
come to an end especially in the high salinities, where the 
salinity change is greater than in the low salinities. 


IV. Influence of temperature on the salinity 
limits for the development of the eggs. 


As was stated in the introduction experiments by BRoEK- 
HUYSEN (1936) indicated that the salinity limits for the develop- 
ment of Carcinides eggs (especially the lower limit) shift in a 
downward direction with increasing temperature. Similar ex- 
periments by Amemrya (1928) with the eggs of Ostrea gigas led 
to conclusions which are more or less opposite to those obtained 
by BRoEKHUuYSEN: “thus it is certain that at a low temperature 
the range of salinity which is available for the development of 
the oyster is wider than at a high temperature: the range ex- 
tends more towards higher as well as lower grades of salinity. 
Especially in the lower part of the range the development 
becomes rather more favourable.” 

According to AmMemrya the salinity optimum for the develop- 
ment of Ostrea eggs is 20-26 9/9, at 23-26° CG and 17-26 9/55 at 
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16° C. In connection. with these data AMEMmryA mentions the 
fact that in the northern part of Japan Ostrea gigas lives in water 
of a very low salinity (in lagoons, estuaries and near river 
mouths). According to Amemrya the low temperature of that 
region may possibly have a favourable influence on the devel- 
opment of the oyster in water of such a low salinity. 

At first sight the behaviour of Ostrea seems to be just the op-. 
posite to that of Carcinides. BROEKHUYSEN points out, however, 
that possibly both Carcinides and Osirea eggs have their widest 
salinity range at 16°C, and that the range would become 
narrower both at temperatures higher and lower than 16° C, 
Thus, the discrepancy between the results of AMEMryA and those 
of BROEKHUYSEN would solely be caused by the fact that BROEK- 
HUYSEN worked with temperatures below, Amemiya with tem- 
peratures above 16° C. : 
~My experiments with full-grown shrimps and shrimp larvae 
do not support this suggestion. In these animals the available 
salinity range steadily shifted downwards with temperature in- 
creasing from little above 0 to above 20° C and no indication 
was found of an “optimum temperature”, at which the salinity 
range would have its greatest extent. . 


For a detailed description of the embryology of Crangon I 
refer to EHRENBAUM (1890). The eggs are attached to the ab- 
domen of the parent animal until the time of hatching. Cleavage 
takes place soon after spawning. After the conclusion of this 
process, which leads to the formation of the blastoderm, a yolk- 
free part begins to become visible. Soon afterwards gastrulation 
takes place, followed by the appearance of optic discs and of the 
thoracic-abdominal plate. Thereupon, three pairs of limbs make 
their appearance. This Nauplius stage is followed by the appear- 
ance of another four pairs of limbs. At the same time a single spot of 
pigment (the Nauplius eye) becomes visible between the optic 
discs. Soon after the appearance of the Nauplius eye the first 
indications of the compound eyes become visible, followed by 
the. appearance of numerous pigment spots on head, body and 
limbs. Meanwhile, the yolk decreases steadily in size, the heart 
can be seen pulsating, and rhythmical movements of the rectum 
suggest the beginning of larval respiration. During the last few 
days before hatching the limbs show convulsive movements. 
Finally, having attained the zoea stage, the larva hatches. It 
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now possesses 2 pairs of antennae, 1 pair of mandibulae, 2 pairs 
of maxillae and 3 pairs of maxillipeds, whereas the abdomen is 
still without limbs. ; 


a. MrtTHOD 


The development of shrimp eggs was examined in 8 salinities, 
ranging between 10 and 45°/ 9, with differences of 5°/o_ be- 
tween the successive grades. This series of salinities was combined 
with 2 temperatures, viz. 8 and 16° C. The 16° C experiment 
was carried out twice. 


At the beginning of each experiment I selected a great number of females. 
all bearing eggs in an early stage of development. Since the number of 
females whose eggs showed as yet no yolk-free part proved to be very small 
I partly had to take animals with eggs in which the embryo was already 
visible. I took care, however, not to take them as soon as they showed 
the beginning of pigmentation. The egg-bearing females were gradually, 
by steps of 5°/o9 and an interval of one day, transferred into the various 
media. In this way it took the animals 4—5 days to reach their final salinity. 
In the meantime, egg development often proceeded to a stage in which 
formation of the Nauplius eye, or even of the compound eyes, had already 
begun. 


In each salinity 4 egg-bearing females were kept until the 
eggs hatched. The basins in which they lived contained a shallow 
layer of water; the bottom was covered with shell sand. During 
the experiment the water generally remained clear; in some 
cases it had to be changed once, in other cases not at all. During 
the course of the experiments, especially in the 16° C series, the 
concentration rose steadily. The variations in salinity during the 
course of an experiment sometimes amounted to 2—3 °/ 99. 

Every other day the eggs were inspected and their stage of 
development recorded by drawing or description. For this pur- 
pose a small number of eggs were taken from the parent animal 
by means of a little spatula. 

The eggs were examined enieeencupically under a low power. 
The animals of each set of 4 females had been marked individ- 
ually by amputation of a part of one or both antennae. 

The degree of development was judged by the following 


criteria, and the observations are schematically reproduced as 
given below: 
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Eggs containing no yolk-free space: 

Embryo just becoming visible: 

Nauplius eye just becoming visible: 

Compound eye just becoming visible: 
Pigmentation on head and limbs: 

Beginning of heart pulsations: 

Convulsive movements of limbs (about to hatch): 
Hatched: 


le ear diet 
03899820890 


aa 


Abnormal development is indicated by shading; @) for in- 
stance means that the nauplius eye has just become visible, the 
embryos, however, distinguishing themselves in some way or 
other from normal ones. When normal as well as abnormal 
development occurred, this is indicated in the following way: @) 


I further used the following symbols: 


+ = death ofa parent animal during the course ofan experiment. 
x = parent animal has lost all eggs. 
@ = parent animal has lost part of its eggs. 


5. EXPERIMENTS 


Series I. Temperature ca. 9° CG. See fig. 2 for schematic 
reproduction of the results. 

Salinities at the beginning of the experiment amounted to 
10.3, 15.6, 20.3, 25.3, 29-5, 35-3, 40-0 and 45.4°/o9. At the 
end of the experiment those in the 25/9) and 45°/o9 basins 
proved to be 26.2 and 46.3 °/ 9) respectively. It may therefore 
be assumed that during the experiment all salinities increased 
by about 1 °/ 99. 

_ In the course of the experiment a number of females died; 3 of 
these belonged to a salinity of 10°/99, 3 to 15 °/o9, 1 to 25°/o0; 
3 to 30°/o9, I to 35°/o9, 1 to 40°/o9 and 3 to 45 °/ 9. 


IO °/o9. At the time the first inspection took place the Nau- 
plius eye already began to show. Development was normal up 
to the stage where pulsation of the heart sets in. From this stage 
on the yolk rest did not decrease in size. Moreover, it consisted 
of abnormal looking cells of a granular structure. At a later 
stage, although faint movements of the limbs were visible, still 
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Fig. 2. Development of shrimp eggs in media of ca. 10, 15, 20, 25, 30, 
35 40 and 45°/o9 salinity at a temperature of ca. 9° C. 


more abnormalities could be observed: the eye pigment grew 
into irregular radiate streaks and the head lagged behind in 
development as compared with the rest of the body. Finally the 
larvae died before or soon after hatching. 


T5°/oo. At the time of the first inspection the Nauplius 
eye was not yet visible. Development took a normal course 


SEASONAL MOVEMENTS OF.THE SHRIMP 41 


up to stage 3-4. From this stage on the yolk mass no longer 
diminished in the normal way and yolk cells began to show a 
granular structure. Compound eyes remained comparatively 
small. The experiment had to be broken off before the first 
zoea had hatched. : 


20, 25,30, 35 and 40°/ 9. The development took a nor- 
mal course, leading to the appearance ‘of normal zoeae. 


45°/o9- At the time of the first inspection the eggs of one of 
the parent animals were found to be in a rather advanced stage 
of development (heart pulsations). Part of the eggs showed a 
‘normal development, which led to the appearance of normal 
zoeae; the rest showed some abnormalities (granular structure 
of yolk cells and head). Finally the parent animal died, after 
which the remaining eggs degenerated. 

The eggs of the second parent animal proved to be in a very 
early stage of development at the time of the first inspection, 
no yolk-free part being as yet visible. At the time the experiment 
was broken off development had proceeded normally up to the 
appearance of the eye pigment. 


Results 


At a temperature of ca. 9° C a perfectly normal development 
of the eggs takes place in salinities ranging between 20-21 and 
40-41 °/o9. Possibly in some cases normal development may 
occur in salinities of 45 and 15/9 . These salinities, however, 
are distinctly unfavourable. 


Sertes 2a. Temperature 16-18° C. See fig. 3 


The seawater concentrations used were 5-8, 10-13, 15-18, 
20-23, 25-28, 30-33, 35-38 and 40-42 °/99. The wide salinity 
range in all experiments in this series is due to a considerable 
increase in concentration of the media as a result of evaporation. 


5-8 °/49. Most of the eggs failed to develop because they 
were lost by the parent animal. The remaining ones showed 
abnormal development. Of the granular looking yolk cells only 
a small part was resorbed; the compound eye remained in- 
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Fig. 3. Development of shrimp eggs in media of 5-8, 10-13, 15-18, 20-23, 
25-28, 30-33, 35-38 and 40-42 °/oo Salinity at a temperature of 16—-18° C. 
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complete and most of the eggs were greatly swollen. None of 
the larvae hatched. 


TO-I3 °/99. Here, too, a number of eggs were lost by the 
parent animals. 

The development of the remaining eggs took a normal course 
up to the stage where the larvae were about to hatch. In this 
stage the eggs were lost by the parent animal. Another parent 
animal succeeded in keeping its eggs till development was 
complete; a considerable number of normal zoeae hatched. 
A small part of the eggs showed abnormal development (gran- 
ular structure of yolk cells, compound eyes remaining un- 
developed, abnormal size of heart). 


15-18, 20-23, 25-28, 30-33, and 35-38 °/99. Normal de- 


velopment of the eggs, leading to hatching of normal larvae. 


40-43 °/59- Most of the eggs developed normally; in some 
cases yolk resorption and development of the compound eye 
were retarded. 


Results 


At a temperature of 16-18° Ca perfectly normal development 
of the eggs takes place in salinities ranging between 15-18 
and 35-38 °/ 9. In salinities of 10-13 and 40-42 °/ 9 only part 
of the eggs developed normally. 


Series 2b. Temperature 16—18° C. See fig. 4 


Salinities at the beginning of the experiment: 10.2, 15.7, 
20.3, 25.6, 30.7, 35.5, 40.5 and 45.3°/». During the course 
of the experiment all concentrations were renewed once. At 
the end of the experiment the salinities were: 11.3, 17.3, 22.1, 
28.8, 33.5, 39-4, 44.8 and 51/9). Evaporation had therefore 
been quite considerable. 

During the experiment 16 of the females died. Of these 3 
belonged to the 10, 1 to the 15, 2 to the 20, 2 to the 25, 2 to 
the 35, 2 to the 40 and 4 to the 45/9, basin. 


TO.25FT 3/66: All females lost their eggs before develop- 
ment of the larvae was completed. The eggs of one of the females 
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Fig. 4. Development of shrimp eggs in media of ca. 10, 15, 20, 25, 30, 
35, 40 and 45°/o9 salinity at a temperature of 16-18° CG 
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reached the stage in which movements of the limbs could be 
observed; later on these movements ceased. Resorption of the 
yolk mass was retarded, the yolk cells showed a granular struct- 
ure. None of the larvae hatched. 


T5.7-17.3 °/oo- Here, too, almost all of the eggs were lost. 
‘The remaining eggs showed a normal development and finally 
a few normal larvae hatched. 


20.3-21.1, 25.5-28.8, and 30.7-33.5 °/o9. Normal develop- 


ment of the eggs, leading to the hatching of normal larvae. 


35-5-39-4°/oo. Most of the eggs developed normally. The 
eggs of one of the parent animals showed some abnormalities. 
Later on this animal died. 


40.5-44.8 °/o,. Part of the eggs developed normally, the 
other part degenerated before hatching. 


45-3-5I °/ 99. All eggs degenerated. 
Results 


Perfectly normal development took place in a range of salin- 
ities between 15-17 and 35-39°/ 99. In a salinity of 40-45 9/99 
only part of the larvae developed normally; below 15/9 no 
hatching took place. 


The experiments 1, 2a and 2b are summarized in table g. 
Its figures make it clear that, generally, the salinity 
range available for normal development of the 
eggs shifts in a downward direction with increasing 
temperature. It is further evident that normal development 
can take place in salinitites higher than 40°/ 9). Considering 
that 35°/o) is the highest salinity to be found in the North 
Sea this seems rather remarkable. On the other hand, develop- 
ment of the eggs in salinities lower than 16-20°/ 9) only occurs 
in exceptional cases, whereas full-grown shrimps can be found 
in salinities even lower than 10°/ 9! Thus, the salinity 
range available for the normal development of the 
eggs only covers the more saline part of the salinity 
range in which full-grown animals are able to live. 
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TABLE 9 


Data concerning the development of shrimp eggs in media of different 
temperature and salinity 


Part of the eggs All eggs develop | Part of the eggs 
‘Temperature develop nor- normally in a | develop nor- 
mally in a sa- salinity of: mally in a sa- 
linity of: | linity of: 
8-10° C car 15 9/55? 20.5-40.5°%/o9 | ca. 45°/o9 
16-18° C (a) CA. *L1.5 fog 16.5-36.5°/o9 ca. 41/99 
16-18° C (bd) 16-37°/o9 |. CAs 42.5% aq 


Particulars concerning distribution of egg-bearing females, - 
together with data bearing upon time of the year and regions 
in which hatching of the larvae takes place, can be found in 
publications by Havinca (1930) and EHRENBAUM (1891). As 
these data are of interest in connection with my experiments 
a short summary of them is given here. 

Ovigerous females occur throughout the year. Statistically, 
however, two main periods of spawning can be distinguished, 
one from the beginning of March to the end of June (summer 
eggs), the other covering the months of October and November 
(winter eggs). Owing to the difference in temperature the time 
required for development of the eggs is much longer for winter 
than for summer eggs. From his data HAvinca calculates that 
at a temperature of ca. 9° C development of the eggs takes 
about g weeks, whereas at a temperature of 16° C only 30 days 
are required. In both cases about half of this time was required 
for the development of the eggs to the stage where the Nauplius 
eye becomes visible. Assuming this to be correct, Havinca’s 
calculated figures ‘for the total development of the eggs are 
in good agreement with the results of my rearing experiments. 
For instance, in my experiments at a temperature of 16° C 
(salinity 30°/o9) the time elapsing between the appearance 
of the Nauplius eye and hatching proved to be about 16 days. 
Consequently, the total development would have required 
about 32 days (Havinca found about go days). At a temperature 
of 9° C (salinity 25 °/ 9) hatching of the larvae took place about 
32 days after the appearance of the Nauplius eye. Consequently 
total development would have taken about 64 days (HAvINGA 
found about 63 days). 
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Concerning the regions in which development and hatching 
of the larvae take place Havinca states that in zone I (see fig. 1) 
hatching of the larvae takes place both during summer and 
during winter, that in zone II females with ripe eggs only occur 
during the summer months, that in zone III ovigerous females. 
_ may occur in the late summer, though their eggs do not develop, 
and that in zone IV no ovigerous females were ever found. 

From the above it becomes clear that: 

a. Generally, ovigerous females can only be found in the 
more saline part of the total area of distribution. The results of 
the rearing experiments, showing that development of the eggs. 
is possible only in media of comparatively high salinity, agree 
with this observation. 

b. With increasing temperature the development of the eggs: 
takes place in media of lower salinity (HavincA’s zone IT). 
Salinity in this region amounts to about 20 °/99, temperature in 
April to 8—-9° C. In my experiments at a temperature of 9° C.a 
salinity of about 20°/ 9 proved to be the lowest salinity limit. 
for normal development of the eggs. 

c. Later in the year egg-bearing females also occur in zone 
III. The salinity here is then 13—20°/ 9, the temperature about: 
17° C. At this temperature the lowest salinity limit according 
to my experiments is about 15/99. That the eggs fail to develop. 
in this area is possibly due to their being lost by the parent 
animal. In my experiments loss of the eggs frequently took place 
in low salinities, especially at high temperatures (16—18° C). 


For comparison, the main data concerning the influence of 
temperature and salinity on egg development in Ostrea, Carcinides 
and Crangon are put together in table 10. 

The table shows that the influence of temperature on the 
salinity limits is most distinct in»Carcinides and Crangon. In both 
species the influence works in the same direction, at least as far ° 
as the lower limit is concerned. In the case of Carcinides the higher 
salinity limit was not appreciably affected by temperature, in 
the case of Crangon shifting of the higher as well as the lower 
salinity limit took place. Both limits shift in the same direction, 
upward with decreasing, downward with increasing temperature. 
In the case of Ostrea both limits expand with decreasing tem- 
perature, the lower salinity limit accordingly shifting in a direc-. 
tion opposite to that recorded in Crangon and Carcinides. The: 
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TABLE ‘10 


Influence of temperature on the salinity limits for egg development in 
Copenide>s Ostrea and pil 


Gedlpee cme i | lowe edlinty higher salinity 

| (degrees C) | limit* (in 9/99) limit* (in °/99) 
‘Carcinides 10 26 40 
. 16 ) 20 40 
‘Ostrea | 16 . 6 37 
| 23-26 8 36 
-Crangon 9 18 45 
17 12 42 


(*) The salinity limits represent the highest or the lowest salinity in 
-which normal development of the eggs can take place; that is to say, salinities 
in which normal as well as abnormal development were recorded. 


possibility still remains that this discrepancy can be explained 
-in the way which was suggested by BROEKHUYSEN (see page 37), 
although this does not seem very probable in view of the fact 
that the experiments with full-grown shrimps point in the 
-opposite direction. 

Finally, the question remains whether differences in salinity 
have any influence on the rate of development of the eggs. 

According to BROEKHUYSEN (p. 97) development of Carcinides 
eggs is neither accelerated nor retarded by differences in salinity. 
On the other hand, Amemiya found that in Ostrea gigas develop- 
ment of the eggs is considerably retarded in extremely high and 
extremely low salinities.. Though in my experiments with 
Crangon the influence of salinity on the rate of development 
of the eggs proved to be rather small, this influence, as shown in 
table 11, is not altogether negligible. 

In the: table the average number of days elapsing between the 
appearance of the Nauplius eye and the beginning of the first 
larval movements is recorded for a number of cases, each case 
referring to a given temperature and salinity. The average was 
taken from 1-4 groups of eggs, each group belonging to a 
different parent animal, the number of which is recorded in a 
special column. Eggs belonging to different parent animals 
only showed minor differences in rate of development. 

On the whole, development is slightly retarded in 
low salinities. The same influence, although to a smaller 
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TABLE 11 


Rate of development of shrimp eggs in relation to temperature and salinity 


Series 1. Temp. 8-10° C Series ga. Temp. 16-18° C Series 2b. Temp. 16-18° C 


of 


parent animals 


average 
number of days 
number of 
parent animals 
average 
number of days 
average 
number of days 
number of 
parent animals 


salinity in 9/59 
salinity in °/o9 


I 10 IT Tons | I 
2 115.4-17.3| 9 | 1 
4 |20.3-22.1 9 I 
3 |25.5-28.8| 9 2 
| 3 |30-7-33-5| 65) 2 
| 2 |35-5-39-4| 10.5 | 2 
40 | 2 |40.5-44.8|) 9 2 
| 2 145.3-51 
| 


degree, is exercised by extremely high salinities. The 
highest rate of development was recorded in salinities of 35- 
41 9/59 at a temperature of 8-10° C and in salinities of 25-33 9/00 
at 16-18° C. The retarding influence exercised by a too low 
salinity is much more distinct at a high than at a low tempe- 
rature. Table 11 at the same time shows that at a temperature 
of 16-18° C the development proceeds 14-2 times as quickly 
as at a temperature of 8-10° C. 

The difference appears to be greatest in salinities lower than 
30°/9. The conclusions drawn from the data compiled in 
table 11 must be regarded as provisional, however, the number 
.of data being too small to permit of any well founded inference. 


Summary of part I 

1. The salinity optimum for shrimps of about 2 years old 
is ca. 33°/o) at a temperature of 3-5°C, and 28-29°/o9 at 
20-22° C. In other words: with increasing temperature 
the salinity optimum shifts towards the less saline 
water. 

2. The salinity optimum for shrimps of about one year old 
at a temperature of 22°C is 18-19°/99. Consequently, with 
increasing age the optimum shifts towards a higher 
salinity. 
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3. A combined influence of temperature and salinity in the 
same sense as stated sub 1 could also be demonstrated in the case 
of newly hatched larvae; here, too, increasing tempe- 
rature caused the salinity optimum to shift in a 
downward direction. 

4. The salinity range available for normal development 
of the eggs proved to depend on temperature in a similar 
way as described sub 1 and 2, the higher as well as the 
lower salinity limit shifting downward with in- 
creasing temperature. 

5. The salinity range for a normal development of the eggs 
proved to be very wide. It includes not only the more saline 
part of the salinity range of full-grown shrimps in nature, but 
also higher salinities up to 40°/ 9, i.e. 4—5°/9, more than we 
find in their natural habitat. 

6. The above-mentioned results agree with data collected 
by Havinca concerning: 

a. distribution of young and full-grown shrimps, 

b. seasonal migration, 

c. salinities in which development of the eggs takes place in 
nature. 


Various statements in literature concerning distribution and 
migration in a number of Crustacea make it clear that in this 
respect Crangon is no isolated instance. For a detailed account 
I refer to a paper by Batss (1930), from which the following 
is quoted: 

“Bei den marinen Formen sind sie (die Wanderungen) be- 
sonders aus der gemassigten Zone bekannt, und erfolgen so, 
dass die Tiere im Sommer ins oberste Litoral gehen, wo die 
‘Temperaturen hoher sind, wahrend sie im Winter, wenn die 
Oberflachentemperaturen niedriger und stark wechselnd sind, 
sich mehr in die Tiefe (etwa 40 m) mit ihrer warmeren und 
gleichmassigeren Temperatur zuritckziehen.”’ These general 
conclusions are based on data concerning the following species: 
Leander adspersus, Homarus vulgaris, Homarus americanus, Cancer 
pagurus, Callinectes sapidus, Pandalina brevirostris, Galathea squami- 
Sera, Chionoecetes opilio, Maja squinado, Portunus puber, Carcinides 
maenas and Eriocheir sinensis. In all these casés a seasonal change 
in distribution eccurs, essentially similar to that described for 
Crangon and Carcinides. Possibly in these cases, too, a combined 
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influence of temperature and salinity could be demonstrated. 

Barss also compiles the available data as to the area where 
the eggs develop in nature. In the following cases development 
only takes place in the more saline part of the area of distribution: 
Carcinides maenas (see also BROEKHUYSEN 1936), Crangon crangon, 
Pandalus montagui, Leander adspersus, Homarus americanus, Cancer 
pagurus, and Callinectes sapidus. It should be added that even in 
some fresh water Crustacea development of the larvae takes 
place in the sea; to this end the parent animals migrate to the 
sea in order to spawn (e.g. Eriocheir sinensis and Leander longi- 
rostris) . 


PART II. THE INFLUENCE OF TEMPERATURE AND SALINITY 
ON THE OSMOTIC BEHAVIOUR OF THE SHRIMP 


Introduction 


The experiments described in part I prove that for Crangon the 
suitability of a given medium depends largely upon its tempera- 
ture-salinity conditions. Obviously these two factors act in com- 
bination. This brings us immediately to the next question: how 
does this combined influence of temperature and salinity come 
about? 

The most plausible suggestion seemed to me that temperature 
has some influence or other on the osmotic behaviour of 
the shrimp. Distributional data make it abundantly clear that 
Crangon is a pre-eminently euryhaline species, occurring over a 
salinity range between approximately 10 and 35 °/ 9. Besides, 
distributional data show that the greater part, if not the whole 
of the range is covered twice a year by each individual. As far 
as I could make out nothing is known about the way in which 
the internal concentration is influenced by these drastic changes 
in external concentration, but, a priori, there are two possibilities: 

1. all changes in concentratio.i of the external medium are 
followed passively by the internal medium; in other words the 
animal is perfectly poikilosmotic; 

2. the shrimp disposes of osmoregulatory mechanisms which 
enable it to maintain an internal concentration more or less in- 
dependent of the external concentration. 


The object of the experiments to be described in the following 
section can be summarized as follows. 
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In the first place: which of these two possibilities is realized in 
Crangon? In other words: does Crangon dispose of the capacity of 
active osmoregulation? 

In the second place (in case active osmoregulation could be 
proved to exist): what is the influence of temperature on the 
osmoregulatory processes? 

Literature is here only dealt with in so far as the influence of 
temperature on the osmotic behaviour of Crustacea is con- 
cerned. For data concerning osmoregulation in Crustacea in 
general I refer to Krocu’s recent monograph, which gives a 
detailed account of the subject. 


WIDMANN (1935) proved the existence of periodical changes in blood 
concentration in a number of Amphipoda, Isopoda and Decapoda. These 
changes always appear to take place in spring and autumn. During autumn 
the osmotic concentration of the blood appears to increase gradually, 
reaching a maximum during the winter months. Towards spring the osmotic 
blood concentration decreases to a minimum value, which is maintained 
throughout the summer. These conclusions bear on the following species: 
Eriocheir sinensis and Potamobius astacus (Decapoda), Gammarus marinus, G. 
pulex, Orchestia gammarellus, Talitrus saltator and Ligia oceanica (Amphipoda), 
Asellus aquaticus, Oniscus asellus, Porcellio scaber, P. dilataius and Armadillidium 
cinereum (Isopoda). These species, at least as far as they are aquatic, all 
proved to be hypertonic in respect to the media in which they were kept. 
For Porcellio scaber it could be proved experimentally that the seasona} 
changes in blood concentration are caused solely by periodical changes 
in temperature: animals which were kept under an extremely low temperature 
during winter showed an increase in freezing point depression surpassing 
the normal increase by 0.14° C. 

Orro (1934) states that specimens of the small crab Heteropanope tridentata 
reacted on a temporary increase of the room temperature by lowering 
the osmotic blood concentration. At the same time this increase in tempera- 
ture caused the death of a great number of specimens. The first to die 
were the animals kept in tap water; they were followed by the animals 
kept in brackish water. In more saline water, finally, nearly all animals 
remained alive. This latter observation is of interest in connection with the 
results of part I. In the case of Heteropanope an increase of temperature could 
apparently be better endured when the concentration of the external medium 
was relatively high, whereas Crangon behaved in just the opposite way. 
Like Crangon, Heteropanope is pre-eminently euryhaline, and, according 
to Orro, hypertonic in respect to the surrounding medium. 

For young specimens of Eriocheir, kept in fresh water, Orro (1937) states 
that in this case, too, an increase in temperature caused a decrease in os- 
motic concentration of the blood. This phenomenon could be followed 
in a number of individuals, each of which was kept for some time in tempe- 
ratures of 4, 24 and 4°C successively. All individuals showed a decrease 
in osmotic concentration of the blood after the change from 4 to 24°C. 
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Subsequent lowering of the temperature from 24 to 4° G caused an increase 
of the blood concentration in three cases out of six; in the remaining three 
cases no change took place. 

Orro (1937) further gives some observations concerning the influence 
of temperature upon the rate at which adaptation of the blood takes place 
after the external concentration has been changed. The rate of adaptation 
appeared to be somewhat greater at a temperature of 23° C than at 13° C. 

FRITSCHE (1917), in his study on Daphnia magna, states that the internal 
concentration is comparatively low in animals which are kept at extremely 
high or at extremely low temperatures. A maximum internal concentration 
was found at temperatures between 10 and 20°C. Differences, however, 
were only small, and Krocu (1939) doubts whether they are of any signi- 
ficance statistically. Daphnia magna, too, proved to be hypertonic in respect 
to the surrounding medium. 

MARGARIA (1931) states for Maja squinado and Portunus depurator that 
at a higher temperature the blood adapts itself more quickly to a changed 
external concentration than at a lower one. 

BATEMAN (1933), determining the blood concentration of Carcinides 
maenas at temperatures of 2.3 and 15.7°C, found very small differences 
only; at a temperature of 15.7°C the blood concentration appeared to 
be slightly less than at 2.3°C. 

DritHon—Courrtois (1934), using the method of quantitative chemical 
analysis, states that in Telphusa (Potamon) fluviatilis the composition of the 
blood shows a few seasonal differences. During autumn the Na, Ca and 
especially the K content of the blood proved to be considerably higher, 
the P and protein content somewhat lower than during spring. 

CHAPMAN (1928) states that in hibernating insects the blood often shows 
an increased concentration during the winter months; in some cases the 
increase was caused by the transition of free water into colloid-bound water. 
The ecological significance of this phenomenon was supposed to lie in an 
increased resistance to freezing. 


In connection with the experiments to be related here the 
results of WipMANN and Orro are of special interest. These 
results can be summarized as follows: 

A number of decapod and other Crustacea, all without ex- 
ception hypertonic in respect to the surrounding medium, 
reacted on an increase in temperature by a decrease in osmotic 
concentration of the blood. In other words, anincreased tem- 
perature caused the difference in concentration 
between external and internal medium to decrease. 


A. METHOD 


The method I used in order to determine the concentration 
of the internal and external medium consisted in measuring 
the specific conductivity, or rather the specific resistance of these 
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fluids. The apparatus used for this purpose was obtained from 
_ the N.V. Puities (Eindhoven), who sells it under the name of 
“Philoscop’. The apparatus acts on the principle of the bridge 
of Wheatstone, measuring an unknown resistance in terms of a 
known (standard) resistance. 

As an indicator for adjustment of the measuring bridge a 
cathode ray tube is used. The fluid to be measured is contained 
between the electrodes of a measuring cell. In order to prevent 
polarisation the bridge part of the Philoscop is fed with an al- 
ternating voltage of 1000 c/s, delivered by a low frequency 
oscillator (Philips, type G.M. 4260). The measuring voltage 
amounts to about 2 volts, so that during a determination prac- 
tically no increase of temperature occurs. 

The measuring accuracy amounts to about 0.1%. This 
degree of accuracy can be reached by making use of the Philoscop 
in combination with a series of separate standard resistances. 
The deviation of the unknown resistance can be read in tenths 
of percents with the aid of a special dial extending from + 25 
to — 20%. 

The measuring cell consists of two vertically mounted platinum 
electrodes, the inner surfaces of which are covered with a thin 
coating of platinum black. The size of each electrode is about 
1 cm?, the distance between them 1 cm. The platinum conducting 
wires are each enclosed in a narrow glass tube. They are ex- 
ternally connected to the two terminals on top. The whole 
structure (electrodes and wires) is enclosed in a glass casing. 
In order to fix the distance between them the electrodes are 
fused with two glass plates of the same size, the glass plates being 
held in position by two transverse glass connections. 

By multiplying the resistance measured between both ter- 
minals with a constant factor the specific resistance of a given 
fluid can be calculated. This factor, the value of which depends 
upon the geometrical properties of the electrodes, can be 
determined by checking the cell in a fluid of known specific 
resistance. During the period of time in which the experiments 
took place the multiplying factor of my measuring cell was 
determined at regular intervals; it remained the same throughout 
this period, which proves that no changes took place in either 
size or structure of the electrodes. 

Since the total amount of blood which can be taken from a 
full-grown shrimp generally varies between about 50 and 200 mg 
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only it was necessary to work with very small amounts of fluid. 
The quantity required for immersing the cell was about 10 cc. 
By making some alterations in its construction I was able to 
reduce this amount to 4-5 cc.!) To this end the lower part of 
the casing was cut off somewhat above the platinum electrodes; 
the remaining part was provided with a ground outer surface 
corresponding to the ground inner side of a small glass jar. The 
latter was destined to hold the fluid to be measured (see fig. 5). 
It follows from the above, however, that the blood still had to 
be diluted 25-100 times in order to yield a quantity of fluid 
sufficient for one determination. 
Originally, I had the intention 
always to use exactly the same 
degree of dilution. The conductivity 
values found would thus have been 
directly comparable with each 
other. The following difficulties, 
however, made it -practically im- 
immersion cel] possible to use this method: 

a. The quantity of blood which 
can be taken from one shrimp shows 
great individual variations, being 
largely dependent on the size of the 
animal, its physiological condition 
(moulting!), and on the salinity of 
measuring jar the external medium. By fixing the 

amount of blood necessary for one 

determination on e.g. 70 mg a num- 

Fig. 5. Measuring cell and jar. ber of animals would -have to be 

rejected on account of shortage of 

blood. Since the animals, before being used, had often been 

submitted to a prolonged treatment in media of a given tem- 

perature and salinity the rejection of a number of animals would 
have involved a considerable loss of time. 

b. It proved by no means easy to obtain and to measure with 
the necessary degree of exactitude a definite and very small 
quantity of blood. Anyhow, I failed to find a simple and quick 
method for doing this. 


1) In the meantime a measuring cell suitable for determinations on 
still smaller quantities of fluid has been constructed by the N.V. Pxtrps. 
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These difficulties compelled me to leave the principle of using 
a fixed degree of dilution. 

The procedure I finally adopted ran as follows: 

Some time before a series of determinations was to be carried 
out a number of 20 cc weighing bottles were steamed for about 
20 minutes over boiling distilled water. This treatment is. 
necessary in order to prevent the glass from giving off ions, 
thereby influencing the conductivity of the fluid to be measured. 
After that, bottles and stoppers were carefully dried with clean 
filter paper (SCHLEICHER and SCHULL no. 595). Thereupon, one 
of the bottles was filled with ca. 12 cc of twice distilled water, the 
exact weight of which was determined to tenths of milligrams on 
a sensitive scale. Next, 50-70 mg of blood (resp. seawater) was 
added to the solvent, after which the whole (solvent + blood + 
bottle) was weighed again. The degree of dilution thus having 
been determined exactly the resistance of the solution was 
measured. 

All resistance (resp. conductivity) determinations were carried 
out at a temperature of exactly 20° C. To this end the bottles 
were placed in a thermostat, the water in which was stirred 
continually. Before making a determination the bottle in question 
was thoroughly shaken in order to obtain an equal distribution 
of the solved material. Thereupon, ca. 2 cc of the solution were 
quickly decanted in the measuring jar, which had been tho- 
roughly cleansed beforehand. This quantity of fluid was used 
for rinsing the electrodes. After removal of the rinsing fluid the 
jar was filled again, now with 5 cc of the solution, and the 
electrodes were put into position. The whole was left in the 
thermostat for two minutes, after which the resistance was read. 
The remaining 5 cc, after being thoroughly shaken again, were 
used for a second determination. 

Since a different degree of dilution was used for each deter- 
mination the results could only be compared after a com- 
pensatory calculation. To this end the specific conductivity 
of the undiluted blood was calculated from the available 
data, viz: 

I. specific resistance of the diluted blood (.), 

2. specific resistance of the solvent (z) 

3. degree of dilution (a). 


Assuming the resistance of the undiluted blood to be x (specific 


> 
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conductivity ~ ) the following equation holds good: 


(, F stands for the specific conductivity of the blood diluted a 


times, without taking in account the conductivity of the solvent). 
ee é 
a (z-9) 

Treated this way, the results of all determinations are directly 
comparable to each other. 

For the sake of convenience all results were multiplied by 
1000. The conductivity values thus obtained are comparable to, 
though by no means identical with, specific conductivity values. 
for the undiluted blood expressed in reciprocal Ohms. They are 
not identical, because no allowance was made for the fact that 
by diluting the blood the dissociation is considerably increased. 
The calculated conductivity value in reality represents the 
specific conductivity of the undiluted blood, assuming the degree 
of dissociation to be the same as in the blood diluted a times. 
Consequently, the results only have relative value, but the 
degree of dilution being of the same order throughout the ex- 
periments they can be compared among each other, which is 
sufficient for our purpose. This consideration also made me 
refrain from multiplying all results by the “multiplying factor’. 

Use of the unit “reciprocal Ohms”’ not being justified here I ex- 
pressed all conductivity values in “conductivity units” (C.U.). 


Accordingly, x = 


Concerning the exactitude of the method three limiting factors 
have to be taken into account. 


1. The measuring accuracy of the apparatus. 

By making use of the “°%-dial’’, combined with a series of 
separate standard resistances, the measuring accuracy amounts 
to 0.1% of each resistance to be measured. 


2. The variability in conductivity of the solvent. 

The conductivity of the solvent (twice distilled water) partly 
depends upon the amount of CO2 absorbed from the air. 

Generally, variations of ca. 109% were recorded in subsequent 
determinations on the same sample. The infiuence of this variable 
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factor on the exactitude of a determination can be calculated for 
each separate case. The calculation is carried out below for sea- 
water concentrations of 15 and 45°/5) diluted 200 times, 15 and 
45 °/99 representing the limits of the concentration range occur- 
ring in my experiments. 

a. The specific resistance of 45 °/ 99 seawater diluted 200 times 
amounts to ca. 2350 2, the specific conductivity to 4.3 10 4 
reciprocal {). 

A difference in conductivity of 0.1% (the minimum difference 

the apparatus is able to measure) in this case amounts to 4.3 
10 7 rec. {. The specific conductivity of the twice distilled water 
I used amounted to ca. 2 10 * rec. 2, with a variability of 10% 
Of 2 Gioyi nec sO: 
_ Thus, a measured difference of 4.3 107 rec. 2 does not 
necessarily mean that in reality the difference in conductivity 
between the two solutions amounted to 0.1%, for it might just 
as well have been 2x10 7 rec. 2 (or 0.05%) more or less than 
0.1%, 1.€. 0.05 or 0.15%. In other words, at this concentration 
only differences greater than 0.15% can be considered signi- 
ficant. 

b. The specific conductivity of 15°/ 9 seawater diluted 200 
times amounts to 1.510 4 rec. Q. A difference of 0.1% in this 
case amounts to 1.510 7 rec. Q. As we saw that the variability 
in conductivity of the solvent was about 2X10 7 rec. 2 only 
differences greater than 3.5 10 7 can be considered significant. 
This difference represents about 0.25% of the value found for 
the specific conductivity of the 15 °/ 9 seawater. 


3. The degree of dilution. 

In determining conductivity values I made use of dilutions 
ranging between 150 and 200 times. This is justified only when 
it can be safely assumed that at a dilution of 150 times complete 
dissociation has taken place, so that a further dilution involves no 
change in molecular conductivity. In order to examine this the 
relation between the conductivity value and the degree of 
dilution was recorded for a sample of 35.3°/99 seawater. The 
result is given in graph 19. 

It is evident that a dilution of 150 times is not yet. sufficient 
to obtain complete dissociation: further dilution up to 200 times 


results in an increase of the conductivity value of 1.2% (from 
1225 to 1240 C.U.). 
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Summarizing, we come to the following conclusions. 

The measuring accuracy of the apparatus and the variability 
in conductivity of the solvent permitted an exactitude of at least 
0.25%. In addition an allowance of 1.2% has to be made for 
differences which arise from the variations in the degree of 
dilution. A further allowance has to be made for small sources of 


conductivity value 


dilution 


Tore) 300 


Graph 19. Relation betwetn the degree of dilution and the conductivity 
value for a sample of 35.3°/9 9 seawater. 


error, viz. the release of ions by the glassware, evaporation of 
the solvent, small temperature fluctuations and _ insufficient 
rinsing of the electrodes. Consequently, the degree of accuracy 
may be estimated at 1.5-2%, this figure referring to determina- 
tions of blood or seawater of a concentration of ca. 35 °/ 99. 

-For concentrations lower than 35 °/o) the degree of accuracy 
is somewhat greater, the influence of a varying degree of dilution 
being smaller in this case. For concentrations higher than 35°/ 99 
the degree of accuracy is somewhat less. 

By using a dilution of at least 300 times the differences arising 
from the use of a varying degree of dilution would of course be 
greatly reduced. However, making the degree of dilution greater 
than 200 times seemed inadvisable, since by doing so the in- 
fluence of other variable factors would considerably increase, 
e.g. the influence of the variable conductivity of the solvent, 
the influence of ions released by the glassware, etc. 

In order to test the accuracy of the method I made several 
determinations of the conductivity value of a sample of 35 °/oo 
seawater, making use of dilutions of 150 to 200 times. 
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The following results were obtained: 


dilution conductivity value (C.U.) 
Lo £25) 
164 1233 
175 Lage 
176 1228 
187 1239 
189 1238 


The difference between the extreme values amounts to less 
than 1%. 


The collecting of the blood was carried out by sucking it up 
into a piece of glass tubing, one end of which was drawn out to 
form a capillary. The other end, after being greased, was con- 
nected with a rubber tube closed at the end. By slowly drawing 
back the rubber tube the required amount of blood could be 
sucked into the capillary. 

The capillaries used for collecting the blood always were 
carefully rinsed with distilled water. They were dried by treating 
them with aceton and ether subsequently. Each capillary was 
only used once. The glass tubing from which they were made 
had never been used before. 

Some time before the collecting of the blood was to take 
place the animal in question was wrapped in a soft towel 
in order to remove the adhering seawater as completely as 
possible. The capillary was then brought laterally under the 
carapace, and, by piercing the skin, one of the blood lacunes 
was reached. At this moment a small quantity of blood entered 
into the capillary, after which the rubber tube was slowly 
pulled up. 

In a few cases the blood appeared to be mixed with the con- 
tents of the intestine, but this could easily be recognized by the 
dark colour of the fluid thus collected. Samples like these were 
not used for determinations. 


B. EXPERIMENTS 


I. Determination of the individual differences in 
blood concentration in a number of shrimps kept 
under the same external conditions. 


Twelve shrimps were kept for 6 days in a salinity of 30 Bias 
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at a temperature of 8° C. At the end of this period individual 
conductivity values amounted to 837, 856, 875, 878, 885, 888, 
QO1, 915, 920, g21 and 943 C.U. These figures make it clear that 
a determination on one single animal is of little value. Therefore, 
in examining blood concentrations under various external 
conditions I always determined the concentration of a number 
of animals individually, in most cases 10. 


II. Preliminary determinations. 


This series was carried out in order to gain a general insight 
into the osmotic behaviour of the shrimp, and to determine the 
number of days necessary for a complete adaptation of the blood 
to changed external concentrations. 


A number of shrimps, which had been kept in a salinity of 
30 °/y, at a temperature of 8° C, were distributed over 4 degrees 
of salinity (15, 25, 35 and 45°/o9), temperature remaining the 
same. Transfer of the animals in the various salinities was 
carried out gradually over 2-3 days. Two days after the transfer 
was completed conductivity determinations were started. Every 
other day the blood of 4 specimens (one from each salinity) was 
examined. The experiment lasted for 20 days. The results are 
put together in table 12. 

From this table it appears that the shrimp is able to main- 
tain a certain difference in concentration between the internal 
and the external medium. However, no complete independence 
between blood concentration and external concentration exists, 
the internal concentration following to some extent the con- 
centration of the external medium. In salinities lower than 
Ca. 23°%/9, the blood is hypertonic, in those higher than ca. 
23/9 the blood is hypotonic in respect to the external con- 
centration. The hyper- or hypotonicity increases as the distance 
to the point of isotonicity becomes greater. 

It further appears that in each of the salinities the blood 
reaches a stable condition about 2 days after the transfer of the 
animals took place. In the following 16-20 days no essential 
changes in blood concentration were recorded. 

The animals marked with an asterisk were examined shortly 
after moulting. In these cases the difference in concentration 
between internal and external medium proved to be considerably 
smaller than in specimens with a hard exoskeleton. 
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TABLE} 


Conductivity of the blood in single animals, 2-20 days after) 


days after 


sie 15°/o0 


+ 25°/o0 


conductivity, conductivity) salinity conductivity) conductivity 

transfer of blood | of medium | of medium | of blood | of medium 

2 14.98 °/o6 

é 15.00°/g5 | 864 883 

8 862 862 

10 840 862 

12 814 867 

14 869 866 

16 873 873 

18 845 876 

20 799* 


III. Influence of temperature on the concentra- 
tion of the blood in media of various salinities. 


The experiments described in part I led to the assumption 
that in the shrimp the osmotic behaviour is affected in some 
way or other by temperature. This assumption was supported 
by the investigations of Orro and WipMann, dealing with the 
influence of temperature on the osmotic concentration of the 
blood in a number of Crustacea. 

The species examined by Orro and WipMann all proved to 
be hypertonic in respect to the media in which they were 
examined. The degree of hypertonicity appeared to decrease 
with increasing temperature. In the case of Crangon hyper- 
tonicity makes place for isotonicity at a comparatively low 
external concentration (ca. 23°/99). In concentrations higher 
than ca. 23°/9) the blood remains definitely hypotonic. 

It was my intention to study the influence of temperature on 
the concentration of the blood both in the hypertonic and the 
hypotonic condition. To this end a number of full-grown 
shrimps were kept in two series of salinities (15, 25, 35 and 
45°/oo) under the same conditions as described on page 7. 
The series were kept at temperatures of 3-5 and 22°C res- 
pectively. 

In order to provide ample time for acclimatisation the ani- 
mals were left for one week in each of the salinities. After that, 


salinity 
of medium: 


an 
25-16% / yg | 
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(24 


+ 35°/o0 | +45 °/ 99 


conductivity | conductivity | salinity of conductivity | conductivity salinity 
of blood of medium medium of blood of medium of medium 
1105 C.U. | 1309 C.U. 1508 C.U. AG UT | ae 
943 1176 1236 1488 
933 1178 | 34-47°/op | 1313 1518 44-70°/y 
1029 | 1163 1235 1502 
1007 1175 1321 1518 
858 | II90 1605* ae ae 
1033 | 1179 1309 jy tigen 
975 | 1182 eer Cue 1226 | 41518 44.67 °/o9, 
1039 | 1167 | 11G5 1538 
1041 1174 / 1304 | 1508 


the blood concentration of at least 11 animals out of each 
salinity was determined. The results, which are put together 
in table 13, are charted in graph 20, together with data contained 
in the tables 14 and 15. 

The data make it clear that in Crangon, like in the species 
investigated by Orro and Wipmann, the osmotic behaviour 
is influenced by temperature. In external media of 25, 35 and. 
45 °/o9 the blood concentration proves to be highest at a tem- 
perature of 3-5° C. In a medium of 15 °/o9, on the other hand, 
the highest blood concentration is recorded at a temperature 
of 22° C. In other words, the difference between internal 
and external concentration is greater at high than 
at low temperatures. This applies both to cases where 
the blood is hypertonic and tocases where it is hypo- 
tonic in respect to the external medium. So far as 
they can be compared these results are exactly opposite to those 
obtained by Orro and WipMANN with a number of other 
Crustacea. They found the difference between internal and 
external concentration to be greater at low than at high tem- 
peratures. 


The data represented in table 13 do not at first sight suggest an 
obvious explanation for the combined action of temperature 
and salinity as described in part I. Considering that a more 
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TABLE 13 


Conductivity of the blood in media of various salinities at temperatures 
of 4 and 20-22° C respectively 


4°C 
external medium internal medium 
standard 

salinity conductivity ae Bele number of ae 
Cen Wi i wie conductivity animals x 
in [oo te ere | — 

im C.U. 

| 
15-72 569 643 12 47 
25.17 | 889 837 13 29 
35.16 1232 983 13 21 
44.70 1591 1324 13 | 35 


20-22° C 
external medium internal medium 
standard 
salinity conductivity} 2V°Tase. number of deviation 
in °/ in C.U. conductivity | animals rie 
“ im: Gssy, S| ) sw 
| in.G.U. 
15.30 560 656 13 25 
25.20 | 895 767 13 24 
35-34 | 1250 968 13 32 
44.90 | 1568 1285 II 63 


‘detailed knowledge of blood concentrations at various tempe- 
ratures and salinities would possibly furnish some point of con- 
tact with the previously collected data I decided to fill the gaps 
between the determinations already made with a new series 
-of determinations. 

In the first place it seemed of interest to examine blood con- 
centrations under the temperature-salinity conditions experi- 
mentally found to be optimal, that is to say, in salinities of about 
29 and 33 °/y9, at temperatures of 20-22 and 3—5 ° C respectively. 
In the second place I wanted to get a better insight into the 
osmotic behaviour in the neighbourhood of the point of iso- 
tonicity. A series of determinations around this point could 
possibly serve to give the provisionally adapted rule—greater 
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differences between internal and external medium at higher 
temperatures—a more sound foundation. 

These considerations induced me to determine the blood 
concentration in four series of animals kept in the following 
media for at least 4 days: 2 series around the optimum (salinities 
27, 29, 31 and 33°/o9) and 2 around the point of isotonicity 
(salinities 17, 19, 21 and 23/9), both pairs at temperatures of 
3-5 and 20-22° C respectively. 

The results of these determinations can be found in the tables 
14 and 15 (see also graph 20). 

The joint data of these tables, together with those of table 13, 
give a fairly complete picture of the dilution curves of the blood 
at different temperatures, in so far as external concentrations 
between ca. 35 and ca. 15/99 are concerned. They are re- 


TABLE. 14 


‘Conductivity of blood in salinities ranging between 27 and 33°/o) at tem- 
peratures of 3-5 and 20-22°C respectively 


g-5 GU 


external medium internal medium 


standard 
average number of | deviation 


conductivity eetnaty ecigee 
in G.U. 1 


salinity conductivity 
in */o6 m C.U: 


20-22° C 
external medium | internal medium 
standard 
salinity conductivity CNIS number of deviation 
in. °/6o in C.U. conductivity animals Daas 
in C.U. | n—I 
in C.U 
9 20 
8 24 
8 28 
9 42 
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TABLE 15 


Conductivity of blood in salinities ranging between 17 and ' 23 %g5, at 
temperatures of 3-5 and 20-22° C respectively 


3-5°C 


external medium internal medium 


standard 


salinity conductivity | 4V°T48° number of | Mee = 
in °/ in C.U. | Conductivity | = animals iV 
-" an Cob A ae 


20-22° C 


external medium internal medium 


. standard 
salinity conductivity BV EARS number of | deviation 
in 9/ in G.U. | Conductivity) animals | sV2. 

? in CU. } ; 


17.05 605 
19.24 692 
21.13 746 
22.99 814 


presented graphically in graph 20. Graph 20) gives a smoothed 
representation of the same graph, obtained via graph 20a. This 
figure itself has been obtained by plotting the hyper- and hypo- 
tonicity resp. at temperatures of ca. 4 and ca. 20° C against the 
salinity of the external medium. 

The following two points should be noted: 

1. The course of the dilution curves for the blood appears 
to be different for high and low temperatures. The angle under 
which the dilution curve for the blood meets the dilution curve 
for the external medium is greater at a high than at a low tem- 
perature. Accordingly, the difference between the blood con- 
centrations at high and at low temperature is relatively great 
in external salinities directly adjoining the point of isotonicity. 
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Graph 20. Conductivity of blood in salinities ranging between 15 and 
45°/o9 at temperatures of 3-5 and 20-22° C respectively. 


At a greater distance (on both sides) of the point of isotonicity 
the difference becomes smaller. From an external concentration 
of ca. 31°/99 onwards both* curves follow a nearly parallel 
course. 

2. The point of isotonicity evidently is not a fixed salinity, its 
position being dependent on temperature. !) At a temperature 
of 4° C isotonicity is found in a salinity of ca. 23 °/o9, at a tem- 


1) By means of an approximating method it could be calculated that 
the probability of the points of isotonicity being the same at both tempe- 
ratures amounts to only I : 20000. 
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Graph 20a. Difference in conductivity between medium and blood in 
salinities ranging between 15 and 45 °/99 at temperatures of 3—5 and 20-22°C 
respectively (smoothed curves). 


perature of ca. 20° C im a salinity of ca. 21.5 °/o9. From the fact 
that the position of the point of isotonicity depends on tempe- 
rature it follows that the rule: greater differences between in- 
ternal and external medium at higher temperatures does not 
hold for the small range of external salinities between 20.5 
and about 21.5 °/o9 (see graph 20). This rule would hold without 
restriction only in case the points of isotonicity should coincide 
with the point where the concentration of the blood at high and 
at low temperatures is the same. Graph 20, however, shows that 
the latter point lies outside the points of isotonicity, at 20.5 °/ 9 
external concentration. 

Before making an attempt to co-ordinate these results with 
those obtained in part I a short summary of the questions arising 
from part I of this paper may follow here: 

1. Why does the salinity optimum shift in a downward 
direction with increasing temperature? Or, to mention a con- 
crete example: why is it that for full-grown shrimps at a tem- 
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Graph 20b = graph 20 corrected with the aid of the smoothed curves 


of graph 20a. 


perature of 20-22°C the salinity optimum is 28-29°/ 99, at a 
temperature of 4° C, however, no less than 33 9/99? 

2. Why is it that an extremely low salinity can relatively be 
better endured at a high temperature, whereas a high salinity is 
better endured when temperature is low? 

- The expectation that the knowledge of the osmotic behaviour 
at different temperatures could give an answer to these questions 
is realized in so far that it could be proved that the blood 
concentration, like the position of the salinity op- 
timum, is influenced by temperature. In my opinion 
we are justified to assume that both facts stand in causal 
relation to each other, in other words, that the influence exerted 
by temperature on the position of the salinity optimum is con- 
nected with the influence of temperature on the internal con- 
centration. From this it would follow that the internal con- 
centrations corresponding to the optimum external concen- 
trations must be regarded as optimum internal concen- 
trations. 

Returning to the blood concentration curves and studying 
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them in connection with this point (question 1 above) we find 
that the internal concentrations corresponding to the optimum 
external concentrations at 4° and 22°C amount to g60 and 
845 C.U. respectively (according to the corrected graph: 970 
and 835 C.U.). These internal concentrations, which we assumed 
to be the optimum internal concentrations at the given tempe- 
ratures,. appear to be fairly different values. Looking for 
some point of agreement between these two concentrations 
it appears, however, that both differ by about the same 
amount from the corresponding external concen- 
trations. At a temperature of 4° C this difference (= the degree 
of hypotonicity) amounts to 210 C.U., at a temperature of 
20-22° C to 180 C.U. According to the corrected graph the 
difference amounts to 190 C.U. in both cases. Apparently, there- 
fore, we must suppose that a degree of hypotonicity of ca. 190 
C.U. is of some benefit or other to the animal, although the 
nature of this benefit does not seem clear at the moment. It 
is further of interest that the interrelation existing between 
temperature and the salinity optima also holds for temperature 
and the points of isotonicity. Possibly the two phenomena arise 
from the same cause, whatever this cause may be. 

Question no. 2 leads us to consider the influence of temperature 
in media of extremely high and extremely low salinity. 
Graph 20 makes it clear that, generally speaking, the internal 
concentration goes up and down with the concentration of the 
external medium. However, except for the points of isotonicity, 
a certain difference between them is always maintained. Ac- 
cordingly, continued dilution (concentration) of the external 
medium will bring about continued dilution (concentration) of 
the internal medium. We can reasonably assume that continued 
dilution, resp. concentration of the blood can only be endured 
within certain limits. Considering that the difference between 
in- and external medium is always smaller at low than at high 
temperatures it follows that in the case of continued dilution 
(concentration) of the external medium the lower (higher) ad- 
missible concentration limit for the blood will be exceeded 
sooner when temperature is low than when it is high. 

Assuming this to be correct there must be an extremely 
high and an extremely low range of salinities which can be 
endured better at a high than at a low temperature. Or, in 
other words: although a low temperature is far more favour- 
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able generally, the salinity range in which life is possible for 
the shrimp would have a greater extension (on both sides) 
at a high temperature. When examining in how far these 
assumptions are supported by distributional data and by the 
death rate experiments we come to the following: 

1. In extremely low salinities (15 °/y9 and less) shrimps can 
only be found during summer; in a salinity of 35/o) (the 
highest salinity to be found in the North Sea) shrimps occur 
mainly during winter. 

2. In death rate experiments a salinity of 15/9) was rela- 
tively well endured at a high temperature. At a low tem- 
perature a salinity of 15°/y9 proved to be the least favourable 
of all salinities examined. 

3. In the same experiments a salinity of 45°/ 9) was extre- 
mely unfavourable at a high temperature. At a low tem- 
perature this salinity was endured relatively well. 

4. During experiments in which blood concentrations were 
determined in animals kept in a low salinity at a low temperature 
the animals always proved to be in a strikingly bad condition, 
most of them being weak and very inactive, seldom taking any food. 
On the other hand, animals kept in the same salinity at a high 
temperature made a much better impression. They reacted 
vigorously on being touched, took large quantities of food, etc. 
The same applies to animals kept at a Jow temperature in 
salinities of 25/9) and higher. 

From these observations those mentioned under 1, 2 and 
4 indicate that in all probability the admissible lower limit 
for the internal concentration at a temperature of 3—5° C is 
approximated in a salinity of 15°/ 9. There is, however, no in- 
dication at all that at a temperature of 20° C this limit is reached 
in the same salinity. As to the extremely high degrees of salinity 
we see that a salinity of 45°/o9 is reasonably well endured at a 
low temperature, while at a high temperature this salinity causes 
death within a few days. 

This fact appears to contradict the above mentioned assump- 
tion that the blood, because of its being more concentrated at 
a low temperature than at a high one, would be nearer the 
admissible upper limit of life at a low temperature. This difficulty 
would be removed if it could be proved that the upper salinity 
limit in which life is possible was not reached in my ex- 
periments. As long as the blood concentration is not so high 
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as to make life impossible a lower temperature will always be 
more favourable than a high one, because of its more favourable 
influence generally. However, by steadily increasing the ex- 
ternal concentration a point must be reached where at a low tem- 
perature the upper admissible limit for the blood concentration 
is exceeded. From this point onwards the duration of life 
will be longer at a high than at a low temperature, 
until at the high temperature, too, the limit is exceeded. 

The assumption that the upper limit of life would lie somewhat 
higher at a high temperature thus could only be proved by 
experimenting with shrimps in very high salinities (higher than 
45 °/ 99). Such experiments were carried out in the following way: 

Two aquaria, each containing 8 shrimps in about 5 litres of 
35°/99 seawater, were gradually brought to temperatures of 4 
and 20° C respectively. After being kept under these conditions 
for 3 days the animals in both aquaria were subjected to a 
gradual increase in concentration brought about by the addition 
of ca. 5 litres of 80 °/9, seawater at a rate of 1 drop/second. Thus, 
within 2 days the salinity in each of the aquaria was made to 
increase to ca. 55 °/ oo. 

The protocols dealing with the behaviour of the animals in 
both aquaria are given below in an unabridged form: 


5th day after the beginning of the experiment: one animal has died 
in the cold aquarium. Salinity in both aquaria 49 °/ 9. 


6th day: 9 a.m. 2 dead animals in the “warm” aquarium, none 
in the “cold” one. The “warm” animals still succeed in digging 
themselves in; on being touched they react with a vigorous 
flexion of the abdomen. 

The “cold” animals do not show these reactions; when put on 
their back they hardly succeed in struggling to their feet. 

4 p-m. “cold” animals in a very bad condition; only very weak 
movements of the legs were observed. The “warm” animals 
still succeed in digging themselves in. 

8 p.m. 2 of the “cold” animals have died, the rest appears to 
be in a very bad condition. “Warm” animals still react with 
flexion of the abdomen on being touched. 

“11 p.m. “Warm”: 5 of the animals have dug themselves in; 
no 6 is nearly dead. “Cold”: the surviving 3 animals are in a 
very bad condition. 


7th day: 9 a.m. “Warm’?: 3 animals have died, the remaining 
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3 are partly dug in; they move about the aquarium after being 
touched. “Cold”: all animals have died. 

‘to p.m. The 3 “warm” animals are still alive, 2 of them still. 
reacting with flexion of the abdomen after being touched. 

8th day: 2 “warm” animals still alive. On being touched they 
only react with movements of the legs. 

10th day: the last one of the “warm” animals dies. 

The salinities at the end of the experiment were 53.4 °/ 9. 
(20° CG aquarium) and 52.9°/), (4° G aquarium). 

The experiment was repeated with approximately the same 
result. In this case the difference between “warm” and “cold” 
animals was somewhat less conspicuous than in the first ex- 


periment. 


— increasing Suitability 
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Fig. 6. Schematic representation concerning the suitability of media of 
various salinities at high and low temperatures. 


Both experiments lead to the conclusion that extremely 
high salinities are slightly better endured when the 
temperature is high than when it is low, notwithstanding 
the fact that high temperatures are very unfavourable generally. 
That the animals all died within a very short period of time 
need not cause any surprise; the admissible upper limit for the 
internal concentration was probably exceeded in the “warm” 
as well as in the “cold”? animals. However, death rates and 
notably the difference in condition between the animals kept 
at high and at low temperatures suggest that this limit was 
exceeded sooner (i.e. at a lower salinity) at a low than at a high 
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temperature, though it must be admitted that the differences 
observed are rather small. Of course, it must be borne in mind 
that the salinities used in these experiments are quite outside 
the “natural” range of salinities. In fact, the experiments were 
only carried out from theoretical considerations. 

Fig. 6 gives a schematic representation of the conclusions 
reached thus far. These conclusions may be summarized as 
follows: 

1. Generally, a low temperature is more favourable than a 
high one. 

2. The salinity range in which the shrimp is able to live has 
a greater extension (on both sides) at a high than at a low tem- 
perature. 

3. Ata high temperature the salinity optimum is lower than. 
at a low one. 

The diagram further illustrates that a salinity of 45°/ 9) can 
be better endured at a low than at a high temperature, but that 
on still further increasing the concentration of the external 
medium the higher temperature becomes the more favourable. 
The same takes place when the external medium is more and 
more diluted. 


IV. Influence of temperature on the adaptation to 
changed external concentrations. 


The experiments described in part I showed that a relatively 
great number of animals die within the first one or two days 
after being transferred into a medium of higher or lower con- 
centration. Especially at a high temperature mortality during 
acclimatisation is exceptionally high. It therefore seemed of 
interest to investigate the course of adaptation of the blood to 
changed external concentrations at various temperatures. The 
process of adaptation to increased as well as to decreased ex- 
ternal concentrations was studied, special attention being paid 
to the first 10 hours after transfer of the animals. 

1. The effect of a decrease in external concentration from 
32-3 to 15.3°/o9 was examined at temperatures of 4, 16 and 
aC. 

2. The effect of an increase in external concentration from 


32-3 to 44.7°/o9 Was examined at temperatures of 4, 16 and 
21°C, 
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3. The effect of a decrease in external concentration from 
32.3 to 25°/99 was examined at temperatures of 4 and 21° C. 


4. The effect of an increase in external concentration from 
30 to 35°/o9 was examined at temperatures of 4 and 21° C. 


1. External concentration lowered from 32.3 to 15.3°/y9 at tem- 
peratures of 4, 16 and 21° C. See graph ar. 


A great number of animals were kept for at least a week in 
one of the aquarium tanks of the station, the salinity of which 
was about 30°/o , whereas the temperature was about 15° C. 
After that, they were transferred to a number of small aquaria, 
containing seawater of 32.3°/ 99. Temperature was gradually 
brought to the desired degree in the course of about two days. 
The animals were left under these conditions for at least 4 days. 
Thereupon, the conductivity value for the blood was determined 
in at least 10 animals. The remaining animals were transferred 
(without intermediate stages) to a salinity of 15.3°/ 9), tempe- 
rature remaining the same. Groups of 10 animals each were 
examined 3, I, 2, 5, 10, 20 and 4o hours after the transfer took 
place. The concentration of the external medium was con- 
tinually checked by conductivity determinations and Cl ti- 
trations. The results are represented in graph 21. 

In a salinity of 32.39/99 the animals are hypotonic in regard 
to their medium, the degree of hypotonicity being greater at a 
high than at a low temperature. Consequently, in a salinity 
of 32.3°/ 9) the lowest blood concentration is recorded at the 
highest temperature. On the other hand, in a salinity of 15.3 °/ oo, 
in which the blood is hypertonic, the lowest blood concentration 
is recorded at the lowest temperature. The curves representing 
the course of adaptation at high and at low temperatures ac- 
cordingly intersect at a given moment (see graph 21). The 
rate of adaptation appears to be much higher at a high 
than at a low temperature. The difference between the 16 and 
21°C adaptation curves is rather small; only during the first 
5 hours do the 21°C animals show a higher rate of adap- 
tation. 

It further appears that during adaptation the average blood 
concentration reaches a minimum value, which, especially 
at a low temperature, is far below the ultimate one. At a tem- 
perature of 21°C this minimum value is reached after about 20, 
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Graph 21. Adaptation to decreased salinity (32.3 to 15.3°/o9) at tempe- 
: ratures of 4, 16 and 21°C. 


at 4° C after about 40 hours. It is possible, however, that the 
latter value is abnormally low in consequence of the extremely 
bad condition of the animals. A prolonged presence in the 
15 °/o9-4° G medium probably would have caused most of the 
animals to die within a week. 

The average conductivity value for the animals kept for a 
week in a medium of 15 °/99-4° CG, which is added to the graph, 
cannot altogether be compared with the value “after 40 hours’’. 
This additional point represents the average for a number of 
animals which were gradually acclimatized to the low ex- 
ternal salinity; hence their condition was considerably better 
than that of the “40 hour’’ animals. Nevertheless, the very low 
internal concentration of the “40 hour’ animals at 4° C points 
to the osmoregulation being checked some way or other by the 
low temperature. At a temperature of 4° CG the blood becomes 
ever more diluted, while at a temperature of 21° C the dilution 
is brought to a standstill 20 hours after the transfer took place. 
During the next 20 hours the blood even increases in concen- 
tration. 
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2. Increase in external concentration from 32.3 to 44.7°/ 9 at tem- 
peratures of 4, 16, and 21° C. See graph 22. 


Both in a medium of 32.3 and in a medium of 44.79/99 the 
animals are hypotonic. The degree of hypotonicity is greater 
at a high than at a low temperature. The 16 and 21° C curves 
show minor differences only. The rate of adaptation is highest 
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‘Graph 22. Adaptation to increased salinity (32.3 to 44.7°/ 9) at temperatures 
i of 4, 16 and 21° C. 


at a temperature of 21° C. Accordingly, during the time elapsing 
between 2 and ca. 30 hours after transfer the blood concentration 
is highest at this temperature. 

The average conductivity values for animals kept for a week 
in a medium of 44.7°/9) appear to be lower than those reached 
after 40 hours. Probably here, too, a maximum blood con- 
centration is reached during adaptation. It might also 
be possible, however, that selection plays a part in this case, 
and that during the time elapsing between 40 hours and one 
week after the transfer those animals that reached the highest 
blood concentration died. This supposition, however, is practi- 
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cally ruled out by the fact that the range of individual values is 
about the same for the “40 hour” and for the “one week” 
animals. The latter range even includes higher internal con- 
centrations than those found in the “4o hour’ animals. 


3. Lowering of the external concentration from 32.3 to 25°/oo at 
temperatures of 4 and 21° C. See graph 23. 


Both in a salinity of 32.3°/o) and in a salinity of 25 °/o9 the 
animals are hypotonic. The degree of hypotonicity is greater at 
a1 than at 4° C. At a temperature of 21° C the rate of adaptation 
is somewhat greater than at a temperature of 4° C. 


4. Increase of external concentration from 30 to 35 °/ 9 at temperatures 
of 4 and 21° C. See graph 24. 


In this case, too, the animals are hypotonic in both media, the 
degree of hypotonicity being greatest at a temperature of 21° C. 
The rate of adaptation is greater at 21 than at 4° C. At a tem- 
perature of 4° C the blood concentration attains a maximum 
40 hours after transfer of the animals. During the following 
hours the average conductivity value decreases. 
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Graph 23. Adaptation to decreased salinity (32.3 to 25/99) at temperatures 
of 4 and 21°C. . 
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Graph 24. Adaptation to increased salinity (30 to 35°/99) at temperatures 
of 4 and 21°C. 


Summarizing the results of the adaptation experiments we 
come to the following. 

1. The rate of adaptation always is greater at high 
than at low temperatures. 

2. During adaptation to increased as well as decreased ex- 
ternal concentrations the average blood concentration may 
reach a value higher resp. lower than the ultimate 
one. This is especially striking at a low temperature. 

3. During the first 5 hours after a change in concentration 
the rate of adaptation is relatively high, especially at a high 
temperature. Probably this rapid initial change in internal con- 
centration makes great demands upon the animals; hence the 
high initial mortality in the 20-22° C death rate experiments. 


V. Influence of changed temperature on the in- 
ternal concentration, the external concentration 


remaining the same. 

The experiments mentioned under III demonstrate that 
shrimps kept at different temperatures in media of a given 
concentration have a different internal concentration. The series 
of experiments to be described below were carried out with the 
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-object of determining the rate at which change of the internal 
-concentration takes place when temperature is changed. ‘The 
-salinity of the external medium was kept as constant as possible. 

Since. rapid and considerable changes in temperature can 
hardly be endured by the animals I made use of temperature 
-changes not exceeding 10° C. The transitions were made in such 
_a way as to correspond as much as possible to temperature- 
-salinity conditions occurring in nature. However, in order to 
-obtain more distinct effects, greater and more sudden changes 
-in temperature were applied than those taking place under 
-natural circumstances. 


Series I 


Shrimps kept in a salinity of ca. 15°/o9 were subjected to a 
decrease in temperature from ca. 15 to ca. 5° C. This experiment 
-forms an exaggerated imitation of the natural situation taking ~ 
place during autumn. 

Fifty animals were kept during 4 days in a salinity of 15 °/o9 at 
-a temperature of 14-16° C. After that, the average blood con- 
-centration was determined in 10 animals. Next, the aquaria 


TABLE 16 


Average conductivity of blood during and after a 10° C decrease in tem- 
perature, in a constant salinity of ca. 15°/o9 


time in hours) linia 44 = Ts standard 
after tempe- temp. Salinity | con uct. average deviation | number 
rature had | in ~ | - conduct. x v2 of 
begun to | °G mrerioany; eastun (ek Woes (\/ 7 ) animals 
ebaalis in Jo | in. C.U. | in GU. A gtk 
15 15-4 | 556 674 28 9 
2 | 555 15-4 555 680 | 28 9 
4.5 | 4.2 15.4 546 686 | 30 10 
215 | 32) 155 555 637 | 25 10 
42 | 6 15.5 555 651 | 24 10 


-containing the other 40 animals were placed in water of 4° C, 
causing the temperature in the aquaria to decrease to ca. 5° C 
in the course of 2}~3 hours. The average conductivity value for 
the blood was determined 2, 44, 214 and 42 hours after the 
transfer of the aquaria. The results are given in table 16. 
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During the first 4 hours no appreciable change in blood con- 
centration occurs; after a period of 21.5 hours the average blood 
concentration has diminished by ca. 4°%. During the following 
20 hours a slight increase in blood concentration takes place, 
possibly in connection. with an increase in temperature from 
2.2.to-e, G. 

On the whole, a decrease in temperature of about 10° C ap- 
pears to cause a slight fall in blood concentration. In this case 
this means a slight decrease in hypertonicity, which 
fits in with the results of previous experiments. 


Series 2 


Shrimps kept in a salinity of 25°/ 9 were subjected to a de- 
crease in temperature from 15 to 5° C. This experiment again 
imitates the natural situation during autumn in an exaggerated 
way. 

The series was carried out in the same way as series 1. The 
average blood concentration was determined 24, 10, 20, 42 and 
72 hours after transfer of the aquaria to water of 4°C. For 
results see table 17. 


TABLE 17 


Average conductivity of blood during and after a 10°C decrease in tem- 
perature, in a constant salinity of ca. 25/o 


time in hours | read standard 
after tempe- temp. Troy eee os pasa ccyial oe sp 
ee ae te | medium | medium | of blood (\/2) fie x 
pices in /6g°| in C.U, | in CU; nel 
decrease | in "/o9 | in C m 1 CU. 
| 15 24.8 885 794 36 | 10 
2.5 . 5-5 24.7 882 804 25 | 10 
10 4.2 | 24.9 go: | 816 21 7 
20 4.5 | 24.9 893 —s- 825 20 10 
42 3.5 7 24.8 885 | 832 43 10 
72 | 2621/4 903 | ~=— 828 25 | 10 
| 


In this medium a decrease in temperature brings about an 
increase in average blood concentration, which means a de- 
crease in hypotonicity. The increase in average blood con- 
centration during the first 10 hours is of no significance, as the 

6 


82 M. M. M. BROEKEMA 


external medium also increased in concentration. The increase 
in blood concentration mainly takes place 10-20 hours after the 
temperature was changed. 


Series 3 


Shrimps kept in a salinity of ca. 35 °/o9 were subjected to an 
increase in temperature from 5 to 15° C. The experiment imitates 
the natural situation taking place during spring in an exaggerat- 
ed way. 

Determinations of the average blood concentration were 
carried out 2, 54, 124, 214, 424 and 72 hours after temperature 
was made to increase. The results are given in table 18. 


TABLE 18 


Average conductivity of blood during and after a 10° C rise in tempera- 
ture, in a constant salinity of 35°/o9 


ime in h Se | standard 
Cs ee jeune salinity | conduct. | average | deviation | number 
rature had | in ba a conduct. | > Vi\|. of 
°c | medium | medium | of blood (\/ ) anak 
cs. in foo | in G.U. | in GU. |\¥ mt 
| ] 
3:5 34-7 | O15 24 10 
2 | 13.5 34.8 1236} ~TorTr 32 : 10 
5:5 15 35.0 1228") TOTS 61 9 
12.5 15 34.8 1235 | 974 = 4 7 
21.5 15 34-9 1242 989 oT 4 8 
42.5 15 34:9 1230 992 24 <. 
72 15 35.0 1239 | 1009 30 9 


The results of this series are not clear. In the light of previous. 
experience one would expect the average blood concentration 
to fall. In reality it remains about the same during the first 
5-6 hours, after which a distinct fall sets in. This is followed by 
a slight, but gradual increase 21, 42 and 72 hours after transfer. 
The ultimate value does not differ from the initial one. In inter- 
preting the results we have to take into account that ina medium 
of 35°/oo a difference of 10° C only has a relatively small in- 
fluence on the blood concentration. According to previous ex- 
periments (see graph 20) average blood concentrations in a 
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salinity of 35°/o) at temperatures of 4 and 20°C amount to 
g80 and 960 C.U. respectively. The difference in this case is 
much smaller than in a salinity of 25°/ 9), where the corres- 
ponding average conductivity values amount to 835 and 765 
C.U. respectively. 


VI. Average blood concentration in shrimps kept 
during spring and autumn under natural tempera- 
ture conditions and at a constant temperature 

a. during spring, 

b. in autumn. 


The experiments were carried out to make certain: 

1. whether the natural environmental changes taking place 
during spring and autumn bring about a change in blood con- 
centration; 

2. whether this latter change is solely due to change in 
temperature, since one might also assume a periodicity caused 
by other influences, e.g. an autonomous periodicity or a perio- 
dicity caused by light. 

In the later part of autumn (resp. spring) a number of shrimps 
were distributed over two large basins, both containing seawater 
of a salinity of about 30°/ 9». One of these basins was placed in 
an unheated room, where temperature was allowed to increase 
and decrease with the outside temperature. Water from the 
seawater duct of the station was injected into the basin so that 
no special aeration had to be used. The other basin was kept at a 
constant temperature, identical with the temperature in the 
unheated room at the beginning of the experiment. Since no 
flowing water could be used here the water was changed every 
2-3 weeks, care being taken to avoid any changes in tempe- 
rature. The water was continualiy aerated. Stress must therefore 
be laid on the fact that both media were not strictly comparable, 
but it is assumed that this has been of no influence on the course 
of the experiments. 

Both basins were placed in full daylight in order that they 
might be exposed to the seasonal changes in light intensity. The 
average blood concentration was determined at regular inter- 
vals in 4 animals from both basins. 

Owing to technical difficulties the experiments gave rather 
bad results and they are therefore given for what they are worth. 
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a. Spring experiment 


The experiment lasted from May the 5th until August the grd, 
1939. During this period temperature in one basin rose from 
11 to 18° C, while in the other basin the temperature was con- 
stantly kept at about 10° C. 

The salinity in the basin where temperature was allowed to 
rise varied between ca. 29 and 32 °/ 9. The salinity in the other 
(cooled) basin showed a tendency to decrease as a result of con- 
densation of water from the air. Generally the salinity amounted 
to about 30/59. For technical reasons it was impossible to keep 
the salinity in both basins at exactly the same level, hence the 
average blood concentrations in both groups of animals can not 
directly be compared. For this reason the difference in conduc- 
tivity value between in- and external medium is recorded for 
each separate case (see table 19). 

The number of determinations (4), from which the average 
values were calculated, is undoubtedly too small for reliable 
figures. Accordingly, the results, when considered one by one, 
are rather irregular. 

Generally, at a constant temperature of 10° C, the difference 
in conductivity between in- and external medium neither in- 
creases nor decreases. Comparing, for instance, the first 5 values 
given in column 5 with the last 5 it appears that the averages 
over both periods show no great difference: 170 and 157 C.U. 
respectively, while the average conductivity values for the 
external medium during the same periods are 1060 and 
1056 C.U. 

In the basin where temperature gradually rose from 13 to 
18.2° CG the difference between internal and external concen- 
tration (column 10) generally shows a slight tendency to in- 
crease. ‘The average of the first 5 differences amounts to 177 C.U., 
while the remaining 5 differences give an average of 210 C.U. 
However, ‘this increase can only partly be ascribed to the in- 
fluence of increasing temperature: comparing the average con- 
centration of the external medium over both periods we see 
that during the second period the concentration was con- 
siderably higher than during the first one: 1100 against 1055. 

From graph 20 we see that at a temperature of 20° C the 
difference between internal and external medium amounts to 
175 in an external medium of 1055 G.U., and to 185 in an ex- 
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Average conductivity of blood during May—August 1939 under natural 


date 


and constant temperature conditions 


constant temperature 


conduct. of 
medium 


ho ORO 


average con- | 
duct. of blood 
teen On OF 


average 
difference 

between blood 

and medium 
imiC.U. 


II-5-'39 10 896 . 1072 176 
24.5 Ke) 927 | 1101 174 
1-6 10 897 1046 149 
8-6 10 858 1046 188 
13-6 10 870 | 1033 | 163 
19-6 10.8 g10 . 1048 | 138 
I-7 10.5 895 | 1060 165 
9-7 10.0 883 | 1072 | 189 
15-7 10.0 930 1060 | 130 
21-7 10.6 909 | 1047 138 
27-7 10.4 880 1044 164 
increasing temperature 

average 

average conduct. of difference 

temp. conduct. of medium between 

PAC. Fh oinit blood in C.U. blood and 

in G.U. medium 

in C.U. 
15-5 13 872 1035 163 
25-5 14.5 871 1063 192 
31-5 14.5 885 1045 160 
8-6 15.4 873 1063 190 
14-6 15.5 886 1068 182 
19-6 16,0 892 I12I 229 
3-7 17 869 IIOI 232 
14-7 17.5 903 III 208 
20-7 18.1 899 1093 194 
3-8 18.2 887 1072 185 
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ternal medium of 1099 C.U. This discrepancy arises from the 
fact that in this salinity range a certain increase in external 
concentration results in an increase in internal concentration 
smaller than that of the external concentration. 

When interpreting the results recorded in table 19 this fact 
must of course be taken into account. The difference between 
both average values accordingly has to be reduced by 10 C.U., 
leaving a difference of ca. 23 C.U., which can eventually be 
attributed to the difference in temperature during the two 
periods. This difference is by no means great, but considering 
that the average difference in temperature during the two 
periods only amounted to 4° C, no great difference could be 
expected. 

Summarizing, we can state that from the beginning of 
May to the beginning of August no autonomous 
decrease in blood concentration other than that due 
to temperature takes place; a slight decrease in blood 
concentration is found in those animals which are subjected 
to the natural increase in temperature. ; 


b. Autumn experiment 


The experiment lasted from Oct. the roth until Dec. the 5th, 
1939. During this period a number of animals were kept at a 
constant temperature of 16° C, while another group was sub- 
jected to the natural decrease in temperature taking place during 
this period, from 16 to about 9° C. Fortnightly the average 
blood concentration, together with the concentration of the 
external medium, was determined in 10 animals out of each 
group. The results are represented in table 20, which also gives 
the difference between in- and external concentration for each 
group of determinations. 

In the animals kept at a constant temperature of 16° G the 
difference in concentration between in- and external medium 
remains about the same during the whole period. The differences 
found on 25-10-’39 and 10-11-’39 are considerably greater than 
those found on 13-10-39 and 24-11-'39; this is probably caused, 
at least in part, by the greater concentration of the external 
medium during this part of the experiment (see also graph 20). 

Animals subjected to a steadily decreasing temperature show 
an increase in average blood concentration. This becomes parti- 
cularly clear when we compare the first and the last differences 
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TABLE 20 


Average conductivity of blood during Oct.-Dec. 1939 under natural and 
constant temperature conditions 


constant temperature 


| average 
oer conduct. of | salinity of difference 
‘ yo 
i | ey oe of Li eiltinn. ep reer PERS? 
OCT sia GLA. bir 8/ dese OT one 
in G.U. “ medium 
in C.U. 
| 
| 
13-10°39 | 16.5 | 891 | 1060 29.8 169 
25-10-39 UR 962 | 1155. 31.3 193 
10-11-’39 16.0 878 | 1185 Tex 207 
24-11-39] 14.5 907 | 1073 30.6 166 
decreasing temperature 
a a 
| 
| average 
h | eb f conduct. of | salinity of 4 
date wis ig ee e medium medium bl Apia é 
7 cake in- GLU! in °/o9 eat 
mui: medium 
| in C.U. 
{ 
Z0-10-' 39 13 848 | 1029 29.2 181 
24-10-39 12 865 | 1020 29.1 155 
7-11-39 10 879 | 1044 29.3 165 
QI-11-’39 10 891 1044. 29.5 153 
5-12-39 8 885 1030 29.1 145 


between in- and external concentration. The external concen- 
tration was about the same in both cases, the difference decreased 
from 181 to 145 C.U. Summarizing, we can say that during 
autumn no autonomous change in blood concen- 
tration takes place. An increasing blood concentra- 
tion was recorded in animals subjected to the natural 
decrease in temperature taking place between early Octo- 
ber and the beginning of December. 
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VII. Comparison of average blood concentration in: 
a. younger and older specimens; 
b. ovigerous and non-ovigerous females. 


The different behaviour as to distribution and migration of 
younger and older specimens, of ovigerous and non-ovigerous 
females was the immediate motive for the experiments to be 
described in the following. If a connection exists between mi- 
gration and temperature and salinity on the one, and between 
the blood concentration and these milieu factors on the other 
hand it seemed probable that the blood concentration would be 
different in groups which show a different behaviour in respect 
to distribution and migration. 


a. Younger and older specimens 


In the first place attention is drawn to groups of different 
ages. 

Both Havinca’s distributional data and the result of the death 
rate experiment described on page 21 indicate that younger 
animals are able to endure a low salinity much better than the 
older specimens. I therefore expected that younger animals 
would be able to maintain a greater difference between in- and 
external medium, especially in low external concentrations. 
Another possibility would be that in the younger animals the 
lower admissible limit for the blood concentration would be 
lower than in older animals. 

Average blood concentrations were determined in 24 “young” 
animals (age about 16 months, length from rostrum to tail 
4-5 cm) and 10 “old” animals (age about 2 years and 9 months, 
length from rostrum to tail 6.9-7.3 cm). Before the determina- 
tions were carried out the animals were kept four days in a 
salinity of 25.3 °/o) at a temperature of about 20° C. 

Provided that a dilution of about 300 times is used the amount 
of blood which can be taken from a young animal is sufficient 
for one determination. No duplicate determinations could 
therefore be made, so that the results are less reliable than those 
obtained with full-grown shrimps. As a result of the greater 
dilution the figures will generally be rather high (see graph 19). 

For the 24 young animals an average conductivity value of 
703 G.U. was found (maximum 769, minimum 633). The 
average conductivity value for the old animals amounted to 


ERRATA 


Page 88, 10” line from below, salinity of 25.3% should be: 
salinity of 15.3%. 


Page 89, ro” line from above, amounted to 894 and 890 
respectively should be: amounted to 694 and 690 respectively. 
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yor C.U.1) (max. 732, min. 663). The conductivity value for 
the external medium amounted to 562 C.U. in both cases. Con- 
sequently, no difference in average blood concentration between 
the two age groups could be proved. 

Neither could a difference in blood concentration between 
young and old animals be found in a salinity of 19.3 °/99 (temp. 
20° C). Conductivity values in this case amounted to 776 C.U. 
for 19 young animals (max. 849, min. 720) and to 778 C.U. for 
17 old animals (max. 833, min. 727). Conductivity values for the 
external medium amounted to 894 and 8go C.U. respectively. 

Finally, I determined average blood concentrations in animals. 
kept in a salinity of 34.7°/ 9) at a temperature of 4-5° C. Here, 
too, no difference could be proved to exist between young and 
old animals, the average value for 18 young animals being 1006 
(max. 1058, min. 957), for 10 old animals 1015 C.U. (max. 1052, 
min. 969). 

The above figures show that young shrimps do not maintain 
a greater difference between in- and external medium than the 
older ones. In connection with distributional data it may there- 
fore be assumed that they can bear a very low internal con- 
centration better than the older specimens. 

It is also possible that in shrimps younger than 16 months the 
internal concentration differs from that of the older ones. In 
these very young specimens the amount of blood is extremely 
small, however, so that no reliable data could be obtained. 


b. Ovigerous and non-ovigerous females 


' According to Havinca (1930) egg-bearing females generally 
can only be found in the more saline part of the total area of 
distribution. 

As stated in Part I a similar behaviour is found, among other 
species, in Eriocheir sinensis. Nuw, SCHOLLES (1930) states that 
egg-bearing females of this species, when transferred into fresh 
water, do not succeed in keeping up a normal blood concentra- 
tion; they even die within 2-5 days. Outside the spawning season 
Eriocheir is perfectly able to live in fresh water. 

In egg-bearing females of Crangon mortality in media of a low 


1) In comparison with previous results the conductivity values both 
for young and for old animals are exceptionally high. The reason for this 
deviation is unknown. 
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salinity is not exceptionally high. Nevertheless, it seemed worth 
while to investigate whether in this species the egg-bearing 
females are able to maintain a normal blood concentration when 
kept in a medium of low salinity. To this end a number of deter- 
minations were carried out with animals kept in salinities of 
17, 19, 21 and 23°/,, at a temperature of 20° C. 

The difference in blood concentration between ovigerous and 
non-ovigerous females proved to be insignificant, however. The 
average blood concentrations of egg-bearing females were 733, 
793, 789 and 805 C.U. respectively; corresponding values for 
females without eggs were: 739, 770, 800 and 806 C.U. 


In the experiments described under I-VII a small number of the 
animals involved were egg-bearing females. In these cases, too, no systematic 
deviation of the blood concentration was observed. 


It should be added that the limited range of distribution of 
egg-bearing females may also be caused by the fact that parent 


animals lose their eggs when penetrating into low salinities 
(see Part I, sub III). 


VII. Weight determinations during adaptation to 
decreased or increased external concentration. 


Contrary to expectation I generally found that animals kept in a 
low salinity contained less blood than those kept in a higher 
salinity. 

Animals kept for some time in a salinity of 15 °/99 generally 
only yielded $—*/; of the amount of blood which could be collected 
from animals kept in a salinity of 20°/)) and higher. 

As a matter of fact this statement is rather subjective. The 
amount of blood which can be collected from one animal greatly 
depends upon the way in which certain details of the collecting 
method (see page 60) are carried out. However, in the course of 
this investigation, in which the collecting of blood was a dayly 
routine, these manipulations became more and more uniform 
and effective, so that at last a maximum quantity of blood could 
be collected from each individual. Under these circumstances at 
jeast some value may be attached to the otherwise personal im- 
pression. As this impression is exactly the opposite of what could 
be expected a priori I tried to gain more objective data by 


weighing the animals at regular intervals during adaptation to a 
changed external concentration. 
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However, this procedure, too, proved to have a serious draw- 
back. In order to remove the adhering seawater the animals 
had to be wrapped up in a dry towel for one or two minutes 
before being weighed, and most animals which were “dried” 
more than once during 24 hours died within a few days. Thus, it is 
doubtful whether the animals, all being in a more or less bad 
condition during the experiments, behave normally as to their 
osmoregulation. Nevertheless, some of the results are given here. 
Each weighing is accurate to abcut 10 mg, that is to say, in 
successive weighings of one individual, replaced in seawater 
after each weighing, the results showed differences of 10 mg at 
most. 


a. Weight of animals transferred from a salinity of 25 °/9) toa 
salinity of 15°/ 9, at a temperature of 19° C. See table a1. 

b. Weight of animals transferred from a salinity of 25/99 to 
a salinity of 15°/ 9) at a temperature of 15° C. See table 22. 

c. Weight of animals transferred from a salinity of 25°/ 9 to 
a salinity of 35 °/o9 at a temperature of 15° C. See table 23. 


The figures given in the tables 21, 22 and 23 indicate that 
neither transfer to higher salinities nor transfer to 


TABLE 21 


Weight during acclimatisation to a decreased salinity (25°/g9 to 15°/g9 
temperature 19° C) 


weight, 5 
ree hours af- 
Saal Ben ” | ter trans- | 10 hours 24 hours | 35 hours| 48 hours 
a 25/90 fer into (gr) (gr) (gr) (gr) 
(gr) 0 | 
15 °/0 
(gr) 
leriests es) ieee Fats tL Pe eee ee Eee 
See te ca tn 8.40 8.90 8.86 8.86 } 
3 8.64 8.72 8.71 8.69 8.67 | 8.67 
5 8.34 8.40 8.39 8.36 8.36 t 
7 | 8.63 8.66 8.69 8.68 8.65 ai 
2 8.80 8.7 tT 
5a 8.69 8.69 8.73 
6 8.42 8.42 8.42 
8 8.25 | 8.29 8.28 
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TABLE 22 


vita Ss 0 
Weight during acclimatisation to a decreased salinity (25°/p9 to 15°/p9, 
temperature 15° C) 


: to hours af- 
ne ile Pa ter transfer | 24 hours 48 hours 
aes bg In 15 "loo | (gr) (gr) 
(gr) | 

2 8.11 | 8.12 8.01 8.20 

3 8.36 8.36 8.33 8.38 

4 7-95 8.00 7-99 7:97 

7 7.85 7.86 7.88 7.81 

8 8.90 8.97 8.98 8.88 
TABLE 23 


Weight during acclimatisation to an increased salinity (25/99 to 35°/gos 
temperature 15° C) 


10 hours af- 

ter transfer 

in 35 °/9 
(gr) 


| 


24 hours 


(gr) 


48 hours 


(gr) 


2 8.24 8.24. 8.25 8.19 
3 8.79 8.80 | 8.83 8.83 
4 8.07 8.11 . 8.09 8.08 
5 8.32 8.33 . 8.34 8.39 
8 8.66 8.55 | 8.48 8.25 
9 8.36 8.33 bs sine t 


lower salinities involves an outspoken change in 
weight. Thus, during adaptation no osmotic intake or loss of 
water great enough to be measured seems to take place, not even 
in animals which obviously are in a bad condition. It therefore 
appears that the decreased quantity of blood I obtained from 
animals kept at a low salinity is not accompanied by a decrease 


in weight. 
IX. Blood concentration shortly after moulting. 


Animal no 8 (see table 23) forms an exception to the rule that 
during adaptation to an increased external concentration no 
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change in body weight takes place. This animal, which moulted 
very shortly before being transferred to a medium of higher 
salinity, systematically decreased in weight. This indicates that 
in a normal case the exoskeleton forms a considerable obstacle 
to the exchange between the in- and external medium. 

That the loss in weight recorded in the newly moulted animal 
should accompany each case of moulting seems improbable; 
observations on other Crustacea (BAUMBERGER and OLmsTED 
1928) make it clear that usually water is absorbed shortly after 
moulting. That the exchange between blood and medium greatly 
increases during or shortly after moulting further appears from a 
number of conductivity determinations with newly moulted 
animals. In these animals the difference in concentration be- 
tween in- and external medium always proved to be considerably 
smaller than in “normal” cases. This applies to animals which are 
hypotonic as well as to those which are hypertonic in respect to 
their medium. Table 24 may serve to make this clear. It was 
compiled from a number of determinations belonging to ex- 
periments already described (adaptation experiments, etc.). When 
in one of these experiments one or more of the animals happened 
to have moulted shortly before, the blood concentration was 


TABLE 24 
Conductivity of blood shortly after moulting, in media of various salinities 
difference difference 
average in conduct. conduct. of in conduct. 
conduct. | conduct. of between blood of a between 
“medium 8-9 ,,hard’? | medium and | newly moul- | medium and 
in C.U. animals blood ted animal blood 
in C.U. (,,hard”’ in C.U. (,,soft”’ 
animals) animals) 
in GU. in C.U. 
540 685 45 564, 24 
568 808 240 665 97 
694 776 82 656 38 
1096 git 185 993 103 
1205 882 323 971 234 
1205 go7 298 
1235 974 261 1065 170 
1538 1020 518 1126 412 
1538 1163 365 
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determined all the same, although the result was left out of 
account in the calculation of average concentrations. 


Summary of part II 


Bs Crangon 1 is homoiosmotic. 1) The blood concentration, how- 
ever, is not independent of the concentration of the external 
medium; an increase (decrease) 1 in external concentration results 
in an increase (decrease) in internal concentration, although in 
general to a much smaller degree. 


2. In salinities lower than 21-23 °/ 9 Crangon is hypertonic, 
in those higher than 21-23 °/99 Crangon is hypotonic in respect 
to its medium. 


3. The difference between in- and external concen- 
tration is greater at high than at low temperatures; 
this applies both to those situations where the animal is hypo- 
tonic and to those situations where the animal is hypertonic 
in respect to its medium. 


4. The position of the point of isotonicity partly 
depends on temperature: at a temperature of 20° C iso- 
tonicity prevails in a salinity of about 21.5°/99, at.4° GC ina 
salinity of about 23 9/99. 


5. Shrimps which were subjected to the seasonal increase 
(decrease) in temperature taking place during spring (autumn) 
showed a slight decrease (increase) in internal concentration. 
That this decrease (increase) is directly related to the change in 
temperature, no other seasonal influence being involved, could 
be proved by comparing the influence of a changing with that 
of a constant temperature. In the animals kept at a constant 
temperature no seasonal decrease or increase in blood concen- 
tration could be recorded. 


6. Adaptation of the internal concentration to a change in 
external concentration takes place at a higher rate as tem- 
perature is higher. During adaptation to a medium of much 
higher (lower) concentration the blood concentration reaches 
a maximum (minimum) value which may considerably 
exceed the final blood concentration in the new medium. These 


1) The term ,,homoiosmotic”’ is used here in the broader sense suggested 
by Krocu (1939, p. 8). 
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maxima (minima) are more outspoken when temperature is low 
than when it is high, indicating that osmoregulation is more or 
less checked by low temperatures. 


7. Ina constant salinity of 15°/ 9 a decrease in temperature 
of 10° C brings about a decrease in blood concentration. In a 
constant salinity of 25 °/»9, on the other hand, the same decrease 
in temperature brings about an increase in blood concentration. 
It is important to note that in both cases the difference between 
in- and external concentration becomes smaller. 


8. Neither during increase nor during decrease in external 
concentration a change in weight could be recorded. 


g. In newly moulted shrimps the difference between in- and 
external concentration is always smaller than in “hard’’ animals. 


10. No difference in average blood concentration could be 
proved to exist in young and old animals (aged 16 months and 
33 months respectively). As young animals apparently are able 
to stand much lower salinities than the older specimens it would 
seem that in the younger animals the lower admissible limit for 
the blood concentration is lower than for the older animals. 

Nor could a difference in blood concentration be recorded in 
ovigerous and non-ovigerous females. The fact that ovigerous 
females do not occur in low salinities might possibly be caused by 
the parent animals losing their eggs in media of low salinity. 


GENERAL SURVEY 


The original object of this investigation was to try and find 
an explanation for the distribution of Crangon crangon L. 

The fact that this distribution shows a marked seasonal change 
made it conceivable, especially in connection with former ex- 
periments (BROEKHUYSEN 1936, CAUDRI 1937), that we should 
have to do with a combined influence of temperature and salinity. 

Briefly, the seasonal change in distribution of Crangoncomes to the 
following. During winter the animals can be found in the coastal 
regions of the North Sea and in a small part of the adjoining 
shallows; that is to say, in an area of relatively high salinity. 
During spring a general migration takes place towards the 
brackish waters, where the animals remain in great numbers 
throughout the summer months. Towards autumn the animals 
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again retire to the more saline regions of the total area of dis- 
. tribution. 

Laboratory experiments, in which death rates were determined 
in two year old animals kept in different combinations of tem- 
perature and salinity, led to the conclusion that the salinity 
optimum depends on temperature. Increase of temperature 
caused the salinity optimum to shift in a downward direction. At 
a temperature of 20° C a salinity of ca. 29°/9) proved to be 
optimal, whereas a temperature of 4° C corresponded to a 
salinity optimum of 33 °/ 99. 

For one year old shrimps the salinity optimum at a tempe- 
rature of ca. 20° C proved to be exceptionally low, lying in the 
neighbourhood of 15—20°/ 9. Probably a relation exists between 
the low salinity optimum and the fact that during summer young 
shrimps penetrate farther into brackish waters than the older 
specimens. 

A combined influence of temperature and salinity of quite the 
same character could also be demonstrated in newly hatched 
shrimp larvae. Moreover, the salinity limits for normal develop- 
ment of the eggs proved to be likewise dependent on temperature. 

A similar influence of temperature and salinity was found in 
Carcinides maenas by BROEKHUYSEN (1936). It probably holds 
for a number of other Crustacea, in which a similar seasonal 
periodicity in distribution occurs. 

It further appeared that, although in general low temperatures 
are more favourable than high ones, an extremely low salinity is 
relatively better endured when temperature is high. This fits 
in with the fact that in nature low salinities are inhabited only 
during the warmest months of the year. 

Extremely high salinities (of about 50°/ 99) also proved to be 
somewhat less unfavourable when combined with a high tem- 
perature. This is only of theoretical interest, however, as the 
highest salinity to be found in the southern North Sea little suc- 
passes 35°/oo. In this salinity low temperatures are more fa- 
vourable than high ones. 

I tried to find an explanation for the above mentioned facts 
in a possible influence of temperature on the osmotic 
behaviour of the shrimp. To this end I examined, by means 
of conductivity determinations, whether temperature has any 
influence upon the osmotic concentration of the blood in animals 
kept in salinities ranging between 15 and 45 °/ 9. 
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Concerning the osmotic behaviour in general it could be 
proved that, although the concentration of the blood follows the 
‘concentration of the external medium to a certain extent, Crangon 
is generally able to maintain a certain difference in concentra- 
tion between blood and medium. In salinities higher than 
‘21-23 °/5, the blood is hypotonic, in salinities lower than 
21-23 °/5, hypertonic in respect to the external medium. 

As to the influence of temperature on the osmotic behaviour 
it could be proved that the difference between in- and external 
concentration (in hyper- as well as hypotonic animals) is greater 
at high than at low temperatures (see graph 20). 

This result enables us to explain why extremely low or 
extremely high salinities can better be endured when 
temperature is high. We may safely assume that in general 
life is possible only when the internal concentration remains 
within certain limits. If the concentration of the external medium 
is steadily increased (or decreased) the upper (or the lower) ad- 
missible limit for the internal concentration will sooner or later 
be exceeded. As the difference between internal and external 
concentration always is greatest when temperature is high both 
limits will sooner be reached at a low than at a high temperature 
(see graph 20). In other words: there must be an extremely low 
and an extremely high range of salinities where life is possible 
only at a high temperature. Only the second case (extremely low 
external concentration) is of practical interest. 

The next problem to be solved concerns the shifting of the 
salinity optimum when temperature is changed. 

_It could be proved that the internal concentration depends on 
‘salinity and temperature of the external medium. As it further 
appeared that certain combinations of salinity and temperature 
are more favourable than others it seemed plausible to regard 
the internal concentrations corresponding to these favourable 
combinations as optimum internal concentrations. These 
are for two year old shrimps the internal concentrations corres- 
ponding to a. an external salinity of 29°/9) at a temperature 
of 20° C, 6. an external salinity of 33°/ 9) at a temperature 
of 4° C. ; 

It could further be shown that the “optimum internal concen- 
tration”’ is not a fixed, but a variable value. Only the difference 
‘between internal and external concentration proved to be about 
the same in both situations. Consequently, this special dif- 
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ference (viz. the special degree of hypotonicity) and 
not the internal concentration itself seems to be the 
' essential factor. 

Meanwhile, the above mentioned facts and the inferences. 
deduced from them are not sufficient to give a complete ex- 
planation of distribution and migration. During the winter 
months shrimps generally stay in regions where the salinity 
corresponds to the salinity optimum at the temperature prevail- 
ing there. When, during spring, the water temperature begins 
to increase the animals move to regions of lower salinity. How- 
ever, this migration brings part of the animals to regions where 
the salinity is far below the optimum salinity at the temperature 
prevailing during the summer months. The maintenance of a 
special degree of hypotonicity, although of unmistakable benefit. 
to the animal, is apparently not indispensable, as shrimps,. 
notably the young specimens, evidently are quite able to live 
even in situations in which they are hypertonic. The penetration 
into more and more brackish water, which takes place during 
spring and early summer, can, in my mind, certainly not be ex- 
plained from osmoregulatory necessity. With the migration 
towards more saline regions taking place during autumn things. 
are otherwise, since a continued stay in regions of low salinity 
and at the same time low temperature would certainly have 
involved osmoregulatory difficulties. 

In connection with the above a number of new questions arise,. 
which, however, lie outside the scope of this investigation. 

In the first place we can ask why the difference between in- 
and external concentration is greater at high than at low tem- 
peratures. 

In the second place: what is the nature of the benefit arising 
from the maintenance of a special degree of hypotonicity? 

Thirdly: which is the stimulus causing the animals to penetrate 
into salinities far below the salinity optimum at the prevailing 
temperature? It might be that the search for better feeding 
grounds plays a part in this. 

Finally the question arises by what mechanism Crangon suc- 
ceeds in keeping its blood in a state of hypotonicity. Hypo- 
tonicity was shown to occur in salinities higher than 23/095 
hence it forms a most usual condition for the shrimp. 

In this respect Crangon can be compared with Eriocheir (ScHo- 
LES 1933, Conciin and Krocu 1938) and a number of grapsoid 
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crabs (EDMONDs 1935), which show the same behaviour. Thus 
far, the mechanism by which hypotonicity is maintained is not 
known in any of these cases. Krocu (1938) suggests active 
secretion of salt ions against the concentration gradient, but in 
the case of Eriocheir no direct proof could be obtained. 


The investigation was carried out at the Zoological Station of 
the “Nederlandsche Dierkundige Vereeniging’? at Den Helder. 
I am greatly indebted to Dr. J. VERwey, director of the Zoolo- 
gical Station, on whose initiative this investigation was started. 
His steady and lively interest throughout the work have assisted 
me a great deal in carrying it through. 

I also want to express my gratitude towards Prof. Dr. E. H. 
Hazetuorr for his valuable advice and for his criticism during 
the composition of this paper. 
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GORGONARIA VON VENEZUELA 
(INSELN BLANQUILLA UND LOS FRAILES) 
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G. STIASNY. 


RIJKSMUSEUM VAN NATUURLIJKE HISTORIE, LEIDEN 


Dr. P. WAGENAAR HuMMELINCK brachte von seiner letzten 
Fahrt nach Westindien und Venezuela (1936) eine kleine Samm- 
lung von Gorgonarien mit, die mir zur Bearbeitung iibergeben 
wurde. Die Stéckchen stammen von den venezuelanischen 
Inseln Blanquilla und Los Frailes, gelegen zwischen Trinidad 
und den niederlandischen Inseln unter dem Winde. Das sind 
Fundorte, wo noch niemals vorher Rindenkorallen gesammelt 
worden sind. Schon wegen des Vergleiches mit der verh4ltnis- 
massig gut bekannten Gorgonarienfauna des nicht weit ent- 
fernten Curacao ist die Sammlung HumMMELINcK’s nicht ohne 
Interesse. Sie enthalt jedoch iiberraschenderweise nicht weniger 
als 4 neue Arten, was eigentlicl. kaum zu erwarten war, liegen 
doch die Inseln Blanquilla und Los Frailes in dem gleichen 
Stromgebiete wie die Insel Curagao. Es zeigt sich deutlich, dass 
das ganze Gebiet in Bezug auf Gorgonarien noch viel zu wenig 
untersucht ist. Die meisten der neuen Species sind wohl nahe 
verwandt mit bekannten westindischen Arten, nur Pterogorgia 
blanquillensis weist Beziehungen auf zu Pterogorgia australis von 
der Torresstrasse, Golf von Manaar und Colombo, aber diese 
Ahnlichkeit ist wohl kaum anders wie als Konvergenzerscheinung 
aufzufassen. 
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Das Material befindet sich in vorziiglichem Erhaltungs- 
zustande. Sehr willkommen waren bei der Bearbeitung desselben 
die genauen Angaben, die HumMetincx fast bei jedem einzelnen 
Stéckchen iiber den Fundort und seine Facies, sowie iiber die 
Farbung der lebenden Tiere gemacht hat. 

Die Sammlung, die sich im Besitze des Rijksmuseum van 
Natuurlijke Historie in Leiden befindet, besteht aus 17 Exem- 
plaren, die sich systematisch in folgender Weise einteilen lassen. 


Fam. Plexauridae Gray: 


Plexaura wagenaari n.sp.. . . . . «. + ~ 2 EX. 
Rlexdurejiesuosa. am. 4: ah lier 8 SR a 
Plesauropsis. flavida Sttasny 92 OS WS Ee 
Plexauropsis puertorealis nsp..  . . - «© «© «© 2 5 
Ennicea ‘hammelnckt n.spei 2 6 A BPI SS ‘3 


Fam. Gorgoniidae Ridley: 


Pterogorgia acerosa var. elastica Bielsch.. . - - 3 5 
Pterogorgia blanquillemistnisp. “s So 6. 1. OR BOG 


Auf die Fundorten verteilen sich diese Arten folgendermassen: 

Puerto Real, Los Frailes, 18. VI. 1936; 3 m tief, auf 
sandigem Boden mit grobem Schutt; an der S.W.-kiiste der 
Insel, von den Wellen des Ostpassats geschiitzt. — Plexaura 
wagenaari n.sp., Plexauropsis flavida Stiasny, Plexauropsis puertorealis 
n.sp., Pterogorgia acerosa var. elastica Bielschowsky. 

La Pecha, Los Frailes, 19. VI. 1936; 14 m tief, auf 
felsigem Boden mit vielen Sand; an der S.W.-seite der Insel, 
vor den Passatwellen geschiitzt. — Plexaura wagenaari n.sp., 
Plexauropsis flavida Stiasny.. 

Playa Valuchu, Blanquilla, 21. VII. 1936; 3 m tief, 
auf einem reinen Sandboden mit verstreuten festen Gegen- 
standen auf denen die Gorgonarien haften; in einer kleinen Bucht 
an der Siidkiiste, die vor den vom Ostpassat aufgepeitschten 
Wellen vollig geschiitzt ist. — Plexaura flexuosa Lamouroux, 
Eunicea hummelincki n.sp. 

Playa del Jaque, Blanquilla, 22. VII. 1936; 5 m tief, 
auf sandigem Boden mit grobem Schutt; an der S.W.-kiiste der 
Insel, vor den Passatwellen geschiitzt. — Pterogorgia blanquil- 
lensis n.sp. 

Von Muriceidae findet sich auffallenderweise kein einziger 
Vertreter in der kleinen Sammlung. 
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Die Photographien fiir die Tafeln wurden, wie stets, von 
H. Corner, Techniker am Rijksmuseum van Natuurlijke 
Historie, Leiden, mit bewahrtem Fleisse und grosser Sorgfalt 
ausgefiihrt. 

Dr. HuMMELINCK hat das Manuscript dieser Mitteilung durch- 
gesehen und durch zahlreiche Bemerkungen iiber die Fundorte, 
Facies, Farbung der Stéckchen bereichert. 


Fam. Plexauridae Gray 
Gen. Plexaura Lamouroux 
Plexaura wagenaari n.sp. 


(Taf. I. Abb. 1-4, Textabb. A.) 


2 Exemplare und zahlreiche Bruchstiicke: 

1. Los Frailes, La Pecha. 19. VI. 1936. (MgSO,, Formol; 
Alkohol) ,,Schors licht roseachtig-grijs; polypen donkerbruin”?). 
Ein 140 mm langer, 8 mm dicker Ast ohne Basis, der sich 

gabelt. (Taf. I, Abb. 1). 
_ 2. Los Frailes, Puerto Real. 18. VI. 1936. (MgSO,, Formol; 
Alkohol) ,,Schors licht groenachtig-grijs; polypen kastanjebruin; 
stam afgeplat.”*) 4 Beuchstiicke, Endaste, etwa 100 mm lang, 
6 mm dick. 

3. Los Frailes, La Pecha. 19. VI. 1936. (trocken). 2 Kleine 
Bruchstiicke, eines davon gegabelt. (Taf. I, Abb. 2). 

Ganzlich unverzweigt oder einmal gegabelt. Lange schlanke 
Zweige, die sich fast gar nicht verjiingen. Oberflache glatt. 
Kelche allseitig stehend, 1-14 mm weit von einander entfernt, 
bis 3 mm lang, unbewaffnet, vollstandig retractil (Taf. I, 
Abb. 3). Die eingezogenen Calyces mit 8 Kerben. (Taf. I, 
Abb. 4). Viele diinne Langskandle. Zenstralstrang schwach 
verkalkt, undeutlich gekammert. Stamm etwas abgeplattet. 
Coenenchym 2 mm dick, zweischichtig. 

Spicula (Textabb. A): Aussen ein Panzer von plumpen 
Blattkeulen mit kurzen, breiten, glatten Blattern, kurzem Stiel, 
dicht, niedrig bewarzt (a, b, c, d, e) mit wenigen grossen 
Warzen besetzt (d), etwa 0.132 mm lang, mit langem, dicht, 
unregelmassig bewarztem Stiel (f), etwa 0.165 mm lang. Auch 
plattere Keulen mit seitlichen Fortsatzen, spitzzulaufendem 


1) Rinde hell rosafarben bis grau, Polypen dunkelbraun. 
2) Rinde hellgriinlichgrau; Polypen kastanienbraun; Stamm abgeplattet. 
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Stiel, die Warzen manchmal zusammenfliessend (g), Doppel- 
_spindeln (h), unregelmassig dicht bewarzt, Spindeln Fy, 
0.198 mm lang, weniger dicht oder ganz regelmassig bewarzt 
(k), 0.10 mm lang. Alle durchsichtig, Innenschicht: mit dunkel- 
violetten, unregelmassig gezackten Sternen mit vielen kleinen 


Abb. A. Plexaura wagenaari n.sp. Spicula. 


(1) oder wenigen grossen (m, n) Warzen, oft ganz platt, etwa 
0.132 mm breit; kleine stark eingeschniirte Spindeln mit glatten 
Stacheln, dickem Hals und wenigen Warzen, etwa 0.10 mm 
lang (0, p). Farbe griinlichgelblich, im Trockenpraparat die 
Kelche dunkeloliv-braunlich; stellenweise schimmert die dunkel- 
violette Innenschicht durch den griinlichgelben Uberzug. 

In der Wachstumsform, den kleinen Scleriten, der violetten 
Innenschicht, stimmt die neue Art noch am besten mit Plexaura 
ehrenbergi Koll. von Westindien iiberein, bei der jedoch laut der 
Diagnose KiikENTHAL’s (1924, p. 114) in der Rinde auch rote 
Spicula vorkommen (stimmt nicht mit der Bestimmungstabelle 
p. 111), was hier nicht der Fall ist, auch erreichen die Keulen 
nie die Grésse von 0.33 mm Lange. KiikENTHAL rechnet P. 
ehrenbergi zu den guten Arten des Genus Plexaura. Es liegt aber 
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uber dieselbe nur die ganz kurze Beschreibung EHRENBERG’s 
vor, der Gorgonia antipathes Esper (mit Abbildung) als synonym 
betrachtet, was aber KikeNrHaAL nicht anerkennt. Sonst 
(K6rirKeR, Moser) wird die Art nur ganz beilaufig erwahnt, 
es gibt keine Abbildung der Wachstumsform, keine der Spicula. 
Und das soll eine gute Arte sein! Man kann ja gar nicht ver- 
gleichen! Es ist daher gar nicht ausgeschlossen, dass die vor- 
liegenden Stockchen trotz aller genannter Abweichungen doch 
identisch waren mit P. ehrenbergi. 

Diagnose: unverzweigt oder gegabelt. Lange, schlanke, 
cylindrische Zweige, die sich nicht verjiingen. Oberflache glatt. 
Kelche allseitig stehend, 1-14 mm weit von einander entfernt, 
unbewafinet, ganzlich retractil, bis 3 mm lang; wenn eingezogen 
mit 8 Kerben rings um die Offnung. Viele diinne Langskanile. 
Zentralstrang schwach verkalkt, undeutlich gekammert. Coenen- 
chym 3 mm dick, zweischichtig. Dicke Aussenschicht mit 
massenhaften gedrungenen, plumpen Blattkeulen mit glatten 
Blattern, kurzem oder langem dicht bewarztem Stiel, 0.132— 
0.165 mm lang, Spindeln spitzzulaufend, unregelmassig, dicht 
bewarzt, 0.198 mm lang, alle durchsichtig. Innenschicht diinn, 
mit dunkelvioletten stark gezackten Sternen mit vielen kleinen 
oder wenigen grossen gezackten Warzen besetzt, 0.132 mm lang, 
kleine stark eingeschniirte Spindeln mit glatten Stacheln, wenig 
bewarzt, 0.10 mm lang. Farbe griinlichgelblich, Calyces braun- 
lich bis olivgriin. Violette Innenschicht stellenweise durch- 
schimmernd. Fundort: Los Frailes (Venezuela). 


Plexaura flexuosa Lamouroux, emend. Stiasny 
Vergl. meine Ausf. 1935, p. 57/65, Taf. IV, Abb. 18, Taf. VII, Abb. 35, 36. 
2 Exemplare Blanquilla, Playa Valuchu, 21. VII. 1936 (trocken). 


I. 450 mm hoch, 250 mm breit. Fussplatte 40 mm breit. 
Ausserordentlich dicht verzweigter kraftiger Busch von schwarz- 
brauner Farbe. Stamm horizontal, mit einer Kalkkruste tiber- 
zogen. 140 mm lang, 45 mm dick, erhebt sich pl6tzlich und 
verastelt sich sofort buschférmig. Endaste vielfach kugelig ver- 
dickt. Kelche flach, ohne Unterlippe. 

2. 420 mm hoch, 310 mm breit, Basis 60 mm breit. 

Von der ungewohnlich breiten Basis, auf der auch das Stéck- 
chen von Eunicea hummelincki aufsitzt, erheben sich ganz dicht 
nebeneinander stehend etwa 10 kleine Stammchen, die einen 
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sehr dicht verzweigten plattgedriickten aufrechten Busch von 
ovalem Umriss bilden. Endaste nur selten kolbig verdickt, meist 
schwach verjiingt abgerundet endigend. Kelche ganz flach. 
Dunkelschwarzbraun. In Westindien sehr verbreitete Form. 
Die Exemplare fallen durch besonders dichte Verzweigung 
und die sehr breite Fussplatten auf. 


Gen. Plexauropsis Verrill. 
Plexauropsis flavida Stiasny 


Vergl. Sriasny, 1935, p- 71/72, Taf. 1, Abb. 5. Textabb. S.; Stiasny, 
1936, p. 17. 
(Taf. I. Abb. 5, 6) 


Etwa 5 Exemplare 


1. Los Frailes, Puerto Real. 18. VI. 1936 (trocken). ,,Schors 
licht roseachtig-grijs. Polypen donkerbruin’”’.t) (Taf. I, Abb. 5). 
236 mm hoch, 170 mm breit, Fussplatte 32 mm breit. 

Sehr dicht fiederig verzweigter aufrechter Busch in mehreren 
aufeinanderliegenden Ebenen. Von der breiten Fussplatte 
erheben sich zwei ganz kurze Stammchen, die sich sofort in 
3 oder 4 Nebenaste teilen, die fiederig angeordnete Seitenzweige 
tragen. Seitenaste bis roo mm lang, diinn, cylindrisch. Haupt- 
Aste schwach abgeplattet. Kelche allseitig, dicht stehend, 
braunlich-gelblich, eine Seite heller, die andere dunkel. 

2. Los Frailes. La Pecha. 19. VI. 1936 (trocken). 400 mm 
hoch, 195 mm breit, Basis 35 mm breit. 

Sehr dichter aufrechter Busch. Fast kein Stamm. 3 Hauptaste, 
die sich sofort fiederig verzweigen. Endzweige bis 140 mm lang. 
Oberflache erscheint rauh. Kelche allseitig, dichtstehend. Sonst 
wie bei 1. Lichtgelb braun. 

3. Los Frailes. Puerto Real. 18. VI. 1936. (MgSO,, Formol; 
Alkohol). 

Zwei kleine Bruchstiicke (Astenden, fiederig verzweigt) mit 
teilweise gestreckten Kelchen. 1too-110 mm lang. Griinlich- 
gelblich. 

4. Los Frailes, Puerto Real. 18. VI. 1936. (MgSO,, Formol; 
Alkohol). ,,Schors licht roseachtig-grijs. Polypen donkerbruin.’’?) 

3 kleine Bruchstiicke, Astenden, fiederig verzweigt, 100-120 


') Rinde hell rosafarbengrau; Polypen dunkelbraun._ 
*) Rinde hellrosafarbengrau, Polypen dunkelbraun. 
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mm lang mit teilweise ausgestreckten Kelchen. 1 kleines com- 
plettes Stéckchen, 75 mm hoch, 22 mm breit, Basis 10 mm 
breit; mit kraftig ausgebildeten Kelchen. (Taf. I, Abb. 6). 

Die sch6nen Exemplare stimmen ganz gut iiberein mit meiner 
Beschreibung eines nur miassig erhaltenen Stéckchens von 
Curagao (1935, p. 71/2). Sie sind grésser, kraftiger, viel dichter 
verzweigt, die Kelche besser entwickelt. Die Oberflache er- 
scheint auf den Trockenexemplaren rauh. Keulen und Spindeln 
sind hier etwas langer als wie von mir angegeben. 

Die Species flavida, von mir auf Grund eines einzigen nicht 
sehr gut erhaltenen Stéckchens nur mit Vorbehalt aufgestellt, 
wird bona species. Die Diagnose ist dahin zu erganzen, dass 
die Polypen im Leben dunkelbraun sind, das Coenenchym 
rosa grau, beim Trockenmaterial mehr licht gelblich braunlich, 
nicht nur citrongelb. 


Plexauropsis puertorealis n.sp. 
(Taf. I, Abb. 7, 8; Textabb. B) 
2 Exemplare: Los Frailes, Puerto Real. 18. VI. 1936 (Alkohol). 


1. 100 mm hoch, 35 mm breit, Fussplatte ca 5 mm breit. 

Mehr minder in einer Ebene fiederig verzweigter, cylindri- 
scher Stamm, 3 mm dick. Die Aste gehen nach verschiedener 
Richtung ab, alle sind kurz, unverzweigt und kaum diinner 
als der Stamm, am freien Ende schwach verdickt, abgerundet 
oder zugespitzt. Oberflache kornelig. Kelche niedrig, vdllig 
retractil, allseitig stehend, 1-14 mm weit von einander entfernt. 
Achse dunkelbraun, Zentralstrang schwach verkalkt. Viele 
diinne Langscanale. Grauweiss mit violettem Schimmer. Coenen- 
chym zweischichtig. 

Spicula (Textabb. B); Aussen ein Panzer von Blatt- oder 
Stachelkeulen, die Blatter in der Langsrichtung oder mehr 
seitlich orientiert, Stiel nicht dicht bewarzt (a, b, c), 0.198 mm 
lang. Stacheln ganz kurz, nur am Vorderrande aufsitzend, sonst 
ganz dicht unregelm4ssig rauh bewarzt (d), 0.264 mm lang. 
Breite gerade oder gebogene Spindeln (e, f), auf der einen Seite 
dicht, niedrig bewarzt, auf der anderen mit hohen Dornen 
besetzt, die selbst wieder kleine Dérnchen tragen, 0.231-0.33 
mm lang. Alle durchsichtig. Innenschicht: schwach_ violett 
gefarbte, gerade oder gebogene, schlanke Spindeln, unregel- 
miassig niedrig, rauh bewarzt (g, h), plumpere, weniger dicht 
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Abb. B. Plexauropsis puertorealis n.sp. Spicula 


bewarzte plattere Spindeln (i), 0.198 mm lang. In den Kelchen 
kleine gerade oder gebogene Spindeln, wenig, niedrig bewarzt 
(j, k), 0.099 mm lang, durchsichtig. 

2. 70 mm hoch, 32 mm breit, ohne Fussplatte. 
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Ein plattgedriickter fiederig verzweigter Busch, sonst wie 1. 
Farbe grauweiss. 
 Infolge der fiederigen Verzweigung steht die neue Art (sieh 
meine Ubersichtstabelle der bekannten Species des Genus 
Plexauropsis, 1936, p. 17) der Species flavida von Curacao nahe, 
die ja jetzt auch bei Los Frailes nachgewiesen ist. Sie ist viel 
weniger dicht verzweigt, kleiner, anders gefarbt, hat ganz 
anders geformte Spicula. 

Diagnose: klein (etwa 100 mm hoch), fiederig verzweigt, 
Aste in verschiedenen Ebenen, alle kurz, unverdastelt, nicht 
wesentlich diinner als der Stamm, am freien Ende oft schwach 
verdickt. Oberflache kérnelig. Kelche niedrig, allseitig stehend 
in 1-1} mm Entfernung von einander. Zentralstrang schwach 
verkalkt, viele diinne Langscanale. Coenenchym zweischichtig. 
Aussen Blatt- und Stachelkeulen mit langem Stiel, der wenig 
oder sehr dicht bewarzt ist, o.198—0.264 mm lang. Gerade oder 
gebogene Spindeln, einerseits dicht, niedrig bewarzt, auf der 
anderen Seite mit hohen Dornen besetzt, die selbst wieder 
Dornchen tragen, durchsichtig. Innenschicht violett, mit un- 
regelmassig bewarzten, schlanken Spindeln, 0.198 mm lang. 
Kelchspicula kleine, wenig, niedrig bewarzte Spindeln von ca. 
0.099 mm Lange, durchsichtig. Farbe grauweiss mit violettem 
Schimmer, besonders auf den Astspitzen. 

Vorkommen Los Frailes (Venezuela). 

Fiederige Verzweigung, Seitenaste in verschiedenen Richtun- 
gen abgehend, nicht diinner als der Hauptast, grauweisse Farbe 
sind die Hauptmerkmale der neuen Art. 


Gen. Eunicea Lamouroux 
Eunicea hummelincki n.sp. 
(Taf. IT; Abb. 9, 10p 11, 12, -4extabb. G) 


1 Exemplar mit 3 Stéckchen. Blanquilla, Playa Valuchu, 
21. VI. 1936 (trocken), auf derselben Fussplatte als das 2. 
Stéckchen von Plexaura flexuosa Lmx. 


Maasse: 100 mm hoch, 55 mm breit, Basis 7 mm breit 
65 ” ” 35 ” ” ” 7 ” ” 
150 ”» ” 37 ” ” ” 8 ” ” 
Es liegen 3 Stéckchen vor, die dicht nebeneinander auf der 
mit Plexaura flexuosa gemeinsamen Unterlage aufgewachsen sind 
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und bei oberflichlicher Betrachtung den Eindruck eines einzigen 
Stéckchens machen. Sie sitzen in einer tiefen Nische des Plexau- 
ridenstéckchens, das sie wie ein Mantel umgibt. Die 3 Stéckchen 
sind einander sehr ahnlich, nur sind sie verschieden hoch. ; 
Kurzer Stamm, lateral dichotom in einer Ebene verzweigt. 
Alle Nebendste nach aufwarts gerichtet, meist nur einmal 


Abb. GC. Eunicea hummelincki n.sp. Spicula. 


gegabelt, nicht weiter verzweigt, nicht viel diinner (5 mm) als 
die Hauptaste. Endaste bis 80 mm lang. An den freien Enden 
zuerst etwas verdiinnt, dann meist kugelig verdickt oder leicht 
angeschwollen, rundlich oder quer abgestutzt endigend (Taf. IT, 
Abb. 10 und 11). Oberflache feinkérnig, Kelche auch auf dem 
Stamme, allseitig, regellos verteilt, 1-2 mm weit von einander 
entfernt, relativ wenig zahlreich, 1-3 mm hoch, etwas langer 
als breit. In distalen Teilen sind sie héher als in den basalen, 
wo sie ganz flach werden kénnen. Meist eine fast horizontale, 
vertikal auf die Astrichtung orientierte Réhre bildend mit 
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schwach aufgebogener Unterlippe, wahrend der obere Rand 
sich fast bis zum Niveau der Rinde herabsenkt. (Taf. II, Abb. 
12). Kelchoffnung langsoval. Viele diinne Langskanale. Zen- 
tralstrang gekammert. Coenenchym etwa 2 mm dick, drei- 
schichtig. 

Spicula (Textabb. C): Aussen: Stachelkeulen von sehr ver- 
schiedener Form (a—h), mit einfachen oder geteilten Stacheln,, 
meist mit langem, diinnen, wenig bewarztem Stiel, bis 0.232 
mm lang, mit kurzem, plumpem, dicht und niedrig bewarztem, 
breitem Stiel (f, g) 0.132—0.198 mm lang; durchsichtig. 

Spitzige, diinne, wenig bewarzte Spindeln (i, j, k), sehr lange 
schlanke, dicht bewarzte Spindeln (1), 1.168 mm lang und langer. 
Mittelschicht mit breiten geraden oder leichtgebogenen, ziem- 
lich dicht unregelmassig, rauh bewarzten Spindeln (0, p) 
durchsichtig oder violett, + 0.168 mm lang, auch ganz schwach 
bewarzte, fast glatte, grosse Spindeln von ca 1 mm Lange (q). 
Innenschicht mit den gleichen Formen, aber auch noch gerade 
oder leicht gebogene, wenig, niedrig bewarzte, fast glatte 
Spindeln (i, j, k, m, n) ca 0.168 mm lang. Kelche mit kleineren 
schwach bewarzten- oder niedrig bedornten Staben, 0.09 mm 
lang, durchsichtig. 

Farbe hellgelblich braunlich, scharf contrastierend mit dem 
schwarzbraun der Plexaura flexuosa. 

Die Art gehort in die Gruppe AII von Aurivittius (S. 231), 
die calyculata (Ell. & Sol.) und succinea (Pall.), beide von West- 
indien, umfasst. 

Fiir die neue Species sind charakteristisch: die oft keulen- 
formig verdickten Enden der Zweige, die oft weitentfernt von 
einander stehenden, wenig zahlreichen Kelche, die vertikal von 
der Astrichtung abstehen und die schwach ausgebildete Unter- 
lippe, endlich noch die grossen Stachelkeulen mit meist langem 
diinnem Stiei. 

Diagnose: niedrig (etwa 100 mm hoch), lateraldichotom in 
einer Ebene verzweigt. Alle Nebenaste nach aufwarts gerichtet, 
nur einmal gegabelt, nicht weiter verzweigt, nicht viel dinner 
als die Hauptaste, am freien Ende zuerst verdiinnt, dann meist 
kugelig angeschwollen. Kelche wenig zahlreich, 1-2 mm weit 
von einander entfernt, héher alg breit, eine in rechtem Winkel 
zur Astrichtung abstehende Rohre bildend, mit schwach auf- 
gebogener Unterlippe. Viele diinne Langskanale, Zentralstrang 
gekammert. Coenenchym dreischichtig. Aussen Stachelkeulen 
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mit langem diinnen wenig bewarztem Stiel oder sehr kurzem 
breiten dicht bewarzten Stiel, 0.232 mm lang; spitze, schlanke, 
wenig bewarzte Spindeln 0.198 mm lang, meist durchsichtig. 
Sehr lange dicht bewarzte Spindeln 1.168 mm lang und langer. 

Mittelschicht: unregelmassig bewarzte breite Spindeln, durch- 
sichtig oder violett, 0.170 mm lang. Innenschicht: gerade oder 
gebogene, wenig oder gar nicht bewarzte Spindeln, violett, 
0.168 mm lang. Kelche mit kleinen, schwach bédornten Stab- 
chen, durchsichtig, 0.09 mm lang. 

Farbe: hell gelblichbraunlich. 

Vorkommen: Blanquilla (Venezuela). 


Fam. Gorgoniidae Ridley 


Gen. Pterogorgia Ehrenberg 
Pterogorgia acerosa var. elastica Bielschowsky 
Syn. bei BrerscHowsxy, S. 210. DEICHMANN, S. 199. 


3 Exemplare 


1. Los Frailes, Puerto Real, 19. VI. 1936 (trocken). ,,Schors 
licht groenachtig grijs, polypen kastanjebruin, mediaanlijn 
donker doorschemerend”’.1) 180 mm hoch, 115 mm breit, 
28 mm breite Fussplatte. 

,,Aste und Zweige hangen herab”, so steht es in der Diagnose 
von BretscHowsky. Die Photographie, pl. 5, fig. 23, zeigt sie 
aber alle nach aufwarts gerichtet und dies ist auch bei dem sehr 
gut erhaltenen Trockenexemplar der Fall. Die Kelche stehen 
seitlich nicht in 4 Reihen, sondern zumeist in nur ein oder zwei 
Reihen. Die Klammern mit lang ausgezogenen Enden sollten 
nur auf der concaven Seite Warzen tragen, aber hier sind solche 
mit Fortsatzen auf der konkaven und konvexen Seite vorhanden. 
Die Spindeln zeigen mehr den Typus derjenigen der var. rigida 
Bielsch. Die Farbe ist jetzt hellgelblich braunlich, die Kelche 
sind als feine braune Punkte nur eben angedeutet. Mediane 
Langsfurche ziemlich tief. 

2. Los Frailes, Puerto Real. 18. VI. 1936 (Alkohol). 

3 Bruchstiicke, fiederig verzweigte Endaste, bis 110 mm lang. 

Alle Endaste stark abgeplattet. Anthocodia gestreckt, stehen 
hier etwas weiter auseinander. Lichtgraugelb mit dunklem 


1) Rinde hellgriinlichgrau, Polypen kastanienbraun, Medianlinie dunkel 
hervortretend. 
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Mittelstreifen. Astspitzen mit violettem Schimmer. Spicula der 
Innenschicht auch violett. 

3. Los Frailes, Puerto Real, 18. VI. 1936 (Alkohol). 

1 Stéckchen, 130 mm hoch, 70 mm breit, Basis 20 mm breit. 
Kleines schénes Stéckchen, noch wenig verzweigt. Endaste 
herabhangend. Sonst wie 2. 

Das Merkmal: ,,Aste herabhangend oder aufrecht’’ Andert 
sich je nachdem Alkohol- oder Trockenmaterial vorliegt. Auch 
bei den beiden Alkoholpraparaten sind neben nur einseitig, 
auf der konkaven Seite bewarzten Klammern auch solche vor- 
handen, die Fortsatze auf beiden Seiten tragen. Dieses Merkmal 
hat, glaube ich, kaum jene Bedeutung, die BreLscHowsxky ihm 
in ihrer Differentialtabelle, p. 204, zuschreibt. 

Die Revision der Arten durch BretscHowsxy bedarf nach 
meiner Meinung dringend einer neuerlichen Revision. 


Pterogorgia blanquillensis n.sp. 
(Taf. oy Abb. 195, 14. Textabb. D) 


2 Exemplare; Blanquilla, Porto del Jaque. 22. VII. 1936 
(trocken). 

1. (Type) 320 mm hoch, 230 mm breit, Fussplatte 40 mm 
lang, 18 mm breit. 

In mehreren Ebenen buschformig verzweigt. Von der langlich- 
ovalen Fussplatte erheben sich 2 dickere, lange und ein diinnes, 
kurzeres Stammchen. Die beiden ersteren sind fiederférmig 
verzweigt. Die Nebenastchen sind bis 120 mm lang, unverzweigt 
und verjiingen sich nicht, enden zugespitzt. Alle Aste sind nach 
aufwarts gerichtet. Proximale Teile schwach, distale stark 
abgeplattet. Oberflache mit zahlreichen feinen Langsfurchen. 
Kelche klein, ganz flach, unbewaffnet, stehen stets seitlich dicht 
neben einander in einer ode: mehreren Langsreihen, eine 
mittlere feingefurchte glatte Zone freilassend. (Taf. 2, Abb. 14). 
Viele diinne Langskanale. Gelblichbraunlich mit violettem 
Schimmer. Achse schwarzbraun, Kelche dunkelbraun. 

2. 420mm hoch, 180 mm breit, Fussplatte oval, 30 mm lang, 
15 mm breit. 

Ganz kurzer Stamm, der sich in zwei fiederig verzweigte 
Aste gabelt; hier sind viele Nebenaste selbst wieder fiederig 
verzweigt. Viele feine Langsfurchen auf dem meist kelchfreien. 
Mittelstreifen. Sonst wie 1. — Coenenchym zweischichtig. 
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Spicula (Textabb. D): Die aussere Rinde enthalt nur durch- 
sichtige Klammern, schwach gebogen, an den Enden stark 
bewarzt, alle Fortsatze nur auf der konkaven Seite, 0.10 mm 
lang (a, d), oder auf beiden Seiten (b, c, €), wenig rauh bewarzt. 
Die convexe Seite ist, wenn glatt, oft mit breiten, flachen, 
runden Héckern besetzt. Daneben Spindeln (f, g), regelmassig 


Abb. D.  Plerogorgia blanquillensis n.sp. Spicula. 


reihenweise oder unregelmassig bewarzt, an den Enden stets 
mit einem Biischel kleiner Warzen. Durchsichtig. In tieferen 
Lagen fast ausschliesslich Spindeln, meist regelmassig rauh 
bewarzt (h, i, j, k) und viele Kleine unregelmassige Formen 
(einige Beispiele davon in 1, m, n), die meisten violett, viele 
durchsichtig, 0.03—0.08 mm lang. 

Die Art ist charakterisiert durch ihre dichte, fiederige Ver- 
zweigung in Buschform, Nebenaste auch selbst wieder gefiedert, 
Endzweige meist abgeplattet. Die Klammern tragen die Fort- 
satze mit den Warzen bald nur auf dér konkaven, bald nur 
auf der konvexen Seite (was sie mit der americana nach DetcH- 
MANN gemeinsam hat). Sie steht der Species australiensis (RIDLEY) 
von Torresstraits, Mannaar, Colombo noch am niachsten; mit 
acerosa hat sie gemeinsam, dass die Rinde aus zwei deutlich 
unterscheidbaren Schichten besteht. 
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Diagnose: In mehreren Ebenen dicht buschférmig verzweigt. 
Der ganz kurze Stamm teilt sich in 2 oder mehrere Aste, die 
fiederig angeordnete Nebenaste tragen, die oft selbst wieder 
fiederig verzweigt sind. Alle Aste und Zweige nach aufwarts 
gerichtet. Proximale Teile schwach, distale starker abgeplattet, 
zugespitzt endigend. Oberflache mit zahlreichen feinen Langs- 
furchen. Kelche klein, flach, rein seitlich stehend, in mehreren 
Langsreihen dicht nebeneinander, gelegentlich auch in einer 
Reihe auf den sonst kelchfreien Mittelstreifen. Viele diinne 
Langskanale. Coenenchym zweischichtig. Aussen: schwach ge- 
bogene Klammern, an beiden Enden bewarzt, Fortsatze nur 
auf der konkaven Seite oder auch auf der konvexen, wenig, 
rauh bewarzt, 0.10 mm lang. Daneben Spindeln meist regel- 
massig rauh bewarzt, mit einem Warzenbiindel an jedem Pole, 
durchsichtig. In tieferen Lagen fast nur Spindeln, regelmassig 
rauh bewarzt, 0.10 mm lang und viele kleine unregelmassige 
Formen, 0.03-0.08 mm lang. Farbe gelblich braunlich mit 
violettem Schimmer. Kelch dunkelbraun. Fandort: Blanquilla 
(Venezuela). 


Nachschrift. 


Das Manuscript der vorliegenden Mitteilung wurde im 
October 1938 abgeschlossen. Durch cin Zusammentreffen ver- 
schiedener Umstande wurde die Drucklegung verz6gert. Ich 
habe das Manuscript in seiner urspriinglichen Form gelassen 
und nichts daran geandert. 
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TAFEL I 


Abb. 1. Plexaura wagenaari n.sp. Habitusbild. Gegabelt. Aste cylindrisch. 
grunlichgelblich mit violettem Schimmer. 


Abb. 2. Plexaura wagenaari n.sp. Astende nicht verjiingt, cylindrisch. 5 x 


Abb. 3. Plexaura wagenaari n.sp. Astende mit gestreckten Kelchen. Alkohol. 
GX 


Abb. 4. Plexaura wagenaari n.sp. Astende mit eingezogenen Kelchen. 
Trocken. 6 X 


Abb. 5. Plexauropsis flavida Stiasny. Habitusbild. Sehr dicht fiederig ver- 
zweigter Busch. Gelblichbraunlich. 


Abb. 6. Plexauropsis flavida Stiasny. Astende. Rauhe Oberflache. Trocken. 5 X 


Abb. 7.  Plexauropsis puertorealis n.sp. Habitusbild. Fiederig verzweigt. 
Grauweiss. 


Abb. 8. Plexauropsis puertorealis n.sp. Detailaufnahme des distalen Teiles. 6 X 


TAFEL Il 


Abb. 9. Eunicea hummelincki n.sp. Habitusbild. Das Stéckchen sitzt auf 
gemeinsamer Basis neben Plexaura flexuosa. Hellgelblichbraunlich. 


Abb. 10 und 11. Eunicea hummelincki n.sp. Zwei Endastchen kolbenférmig 
verdickt. 6 u. 8 xX 


Abb. 12. Eunicea hummelincki n.sp. Detailaufnahme aus mittlerer Héhe- 
._Kelche réhrenférmig, vertikal abstehend, mit kurzer aufgebogener Unter. 
lippe. 6 X 


Abb. 13. _ Plerogorgia blanquillensis n.sp. Habitusbild. Dicht buschférmig 
fiederig verzweigt. Gelblich braunlich mit violettem Schimmer. 


Abb. 14. Plerogorgia blanquillensis n.sp. Detailaufnahme aus mittlerer Héhe. 
Kelche seitenstandig. Zahlreiche Langsfurchen. 6 X 
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ON THE DISTRIBUTION OF MUSSELS ON THE 
INTERTIDAL SAND FLATS NEAR DEN HELDER 
BY 
D. J. KUENEN 


ZOOLOGICAL STATION, DEN HELDER 
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INTRODUCTION 


The aim of the investigations to be described in this paper was 
to understand what factor or factors might be responsible for the 
distribution of Mytilus edulis L. on the mud and sand flats near 
the harbour of Den Helder. 

Though I originally intended to study all factors which might 
exert an influence it became clear during the investigations that 
this would cost too much time. Although much still remains 
to be done I thought it worth while to publish the results at this 
stage. I restricted myself to four factors, three of which seemed 
to be most prominent, current influence, substratum and food. 
The fourth, oxygen, was studied only superficially. As the 
factors substratum, food and oxygen are all dependent upon 
water movements the currents were considered of prime im- 
portance and attention was in the first place directed towards 


them. 
8 
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Although only a small area was considered in detail it was 
hoped that the results might throw some light on the distri- 
bution of Mytilus edulis as a whole. 

The observations and experiments were made in the summer 
months of 1935, 1936 and 1937 under the supervision of Dr J. 
Verwey, Director of the Zoological Station at Den Helder, 
to whom I am very much indebted for his continuous help 
during the experiments and the preparation of the manuscript. 


DESCRIPTION OF THE FLATS AND THE MUSSEL BEDS 


The flats in question lie opposite the Zoological Station, Den 
Helder, east of the harbour (see map, fig. 1). They have grown 
up between two stone dams, which border them on approxi- 
mately south and west side. The western dam (Leidam) borders 
the harbour, while the second dam (Vangdam), which is much 
longer, but a great deal lower, has the function of forcing part 
of the ebb and flood water through the harbour by acting as a 
barrier. In this way the harbour is kept at sufficient depth by 
natural means. This second dam is 3.3 km long, but the flats 
along its northern side emerging at low water reach a length of 
about 1.8 km only. Along their northeastern side the flats are 
bordered by a creek, which runs further along the Vangdam 
and transports the water round its eastern end. At its northern 
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end this creek discharges into the Malzwin, one of the deeper 
creeks of the Waddenzee. The Malzwin runs along the northern 
side of the flats and discharges into the Marsdiep just opposite 
the entrance of the harbour of Den Helder. 

The western parts of the flats are highest and the extreme 
corner where the two dams meet is only submerged at high 
water springs. From there the flats gradually slope off towards 
the east and north to just below low water springs. After that 
they fali off much more steeply into the creeks running along 
them. Along the creek on the northeastern side runs a slightly 
elevated sandridge. Some very shallow creeks and pools are to 
be found on the flats. The pools retain their water during the 
period of ebb or drain slowly, while the creeks form a not very 
well marked system, which carries the water to and from the 
highest parts of the flats, especially just before and shortly after 
total submergence and emergence. When the tide has risen 
the creeks lose much, though not all of their significance. 

The details of the morphology of such flats do not remain 
unaltered for a long time and apart from gradual changes the 
aspect may suddenly be altered to a large extent by storms. 
The flats are probably still growing upwards, as they have 
been doing ever since the dams were built. A more rapid change 


Fig. 2. Showing the limit of the Zostera area, which is the softest part of 
the flats, looking SE. Ag should be visible. The houses in the background 
are on the trapezium-shaped enclosure between the dikes (see map). 
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which could be observed in later years was probably due to the 
building of the main dike closing the Zuiderzee. It was finished 
in 1932, and while the amplitude of the tides became larger 
the currents increased in strength, especially in the neighbour- 
hood of Den Helder. This resulted in a deepening of the creeks. 
The dam along the harbour was formerly never submerged, but 
owing to the same cause this has occurred occasionally recently 
during heavy storms. The Vangdam is highest where it joins 
onto the Leidam, but even there it is much lower than the 
Leidam. Its lower eastern part is submerged at every high water 
and only seldom does not emerge at low water (strong westerly 
winds). The part of the Vangdam west of L (see map) lies 
between high water neaps and high water springs. 

The flats themselves are rather bare. Their highest part, in 
the corner where the two dams meet, bears a rather luxurious 
vegetation of Zostera nana Roth. (fig. 2), and in the creeks of 
this part grows some Zostera marina L. Chaetomorpha linum Kitz. 
and Ulva lactuca L. can regularly be found here. The flats them- 
selves may in certain periods bear a covering of Enteromorpha and 
other algae. Further a small ridge of sparse growth of Zostera 
nana occurs just behind (west of) the major mussel beds, and a 
poor vegetation of Fucus spiralis L. is found on many of the 
clusters of mussels and the mussel beds. 

Everywhere on the flats we can occasionally find mussels, 
but their numbers are mostly small. There is one area, however, 
which is quite covered by them and which first drew attention 
to the problem to be investigated later (fig. 3). This area forms 
a band which traverses the flats in an approximately northwest- 
southeast direction (see map). It is characterized by a series of 
large mussel beds, the largest of which measure about 8 xX 4 m. 
On their southwest side the mussel beds become smaller and 
smaller and after they have become no more than a few widely 
scattered clusters they gradually disappear. Towards the north- 
east the beds are abruptly bordered by the bare flats without 
mussels. One or two small beds, overgrown with Fucus spiralis, 
and small clusters lying about can be found further out, but they 
never hold out for any length of time and are generally soon 
washed away. 

There is a small area on the eastern extremity of the flats, 
where the creek and the Vangdam meet, which is again coyered 
with mussels, Further, two small beds of mussels occurred in: 1935 
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Fig. 3. Largest mussel beds near M, looking SE from near B3. 


north and south of the Vangdam near A6, but during 1936 and 
1937 they gradually disappeared entirely. 

On the eastern side of the Leidam no mussels can be found. 
On the Vangdam mussels occur from about A5 onward. At first 
they are few and extremely small, but as we proceed their number 
and especially their size increases. From the point where the 
flats on the north side end the mussels cover the dam almost 
completely. This part of the dam has a number of breakwaters on 
its northern side, which are covered completely with mussels. 
At the south side of the dam the mussels have grown out over 
the flats. As they have apparently been collecting mud for a long 
time the beds have been raised to a much higher level than the 
surrounding flats, and they are nearly as high as the dam itself. 
It therefore looks as if the dam were about one and a half time 
as wide as it really is. Now it is very remarkable that behind 
each breakwater the mussels extend further over the flats than 
in between the breakwaters. Moreover, the mussels on the dike 
between the breakwaters are confined to the narrow grooves 
between the stones or very nearly so, whereas behind the break- 
water the dam is quite covered by them. A further influence of 
the breakwaters appears from the occurrence of a low and sparse 
vegetation of Fucus spiralis on the middle part of the dam, but 
only in between the breakwaters (fig. 4). It seems as though the 
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Fig. 4. Diagrammatic representation of the situation near 10 and It. 

The areas with the crosses show the parts where Fucus spiralis is found. The 

mussel beds extend over the flats south of the dike, especially behind each 

breakwater...The arrows show the diréction of the incoming tide just after 

the dam has become submerged. The chief current still runs, and remains 
for a long time running, parallel to the dike. 


strong currents in between the breakwaters, as compared with 
behind them, cause these differences. 


OBSERVATIONS AND EXPERIMENTS 


The first point to consider as an explanation of the distribution 
which has just been described would of course be the dispersal 
of the larvae. I do not think, however, that his factor can be 
of much importance. The young mussels are planctontic for 
some time and consequently they will spread over a considerable 
area. Their distribution will be universal, though not neces- 
sarily even, over the entire area and we cannot imagine that 
they would not reach any point of these flats. As they will fix 
themselves to any object (Cor, 1932) and even settle on very 
soft mud (WOHLENBERG, 1937) they can settle on all parts of 
the flats. The dispersal and the settling of the young mussels 
cannot therefore explain the peculiar distribution of the adult 
mussels. 

In some cases enemies have been found to play an essential part 
in the distribution of mussels. American authors specially mention 
Asterias vulgaris and A. forbesii as a dangerous enemy of Mytilus edulis 
(Freip, 1922; Newcompg, 1935). Asterias rubens L., which might 
play the same part in the distribution of this same species of 
Mytilus in European waters (cf. Havinca, 1929), cannot be of 
any importance here, as we are only considering the distribution 
within the intertidal zone, and the starfish does not occur there 
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in any quantity. There also seems to be no reason why gulls or 
any other predators should eat the mussels from one place and 
leave them in another. 

General observations and considerations led to considering 
one factor as the most important in influencing the distribution 
of the mussels over the flats. The occurrence of mussels on the 
stone dam and on the concrete poles on the sands, and the fact 
that they did not occur on the sand just beside these places, their 
absence on the east part of the dam between the piers and their 
occurrence in the shelter of them, and in fact all that could be 
seen here and what is known about mussels generally, made it 
probable that currents, especially in combination with the con- 
dition of the substratum, had a primary influence on the distri- 
bution of the mussels. 

It seemed, therefore, that much would be gained by measuring 
the currents in some detail in different places, both where mus- 
sels were to be found and where they did not occur, to-see if some 
correlation could be found between their occurrence and some 
characteristic of the prevailing currents. 

In direct connection with this work investigations as to the 
influence of the substratum would have to follow. It will be shown 
that these factors cannot fully explain the observed distribution, 
and that a further factor, namely food supply, will have to be 
considered to complete the picture which has been formed of 
the reigning conditions on the flats. 


1. CURRENTS 


Fig. 5 shows the direction of the incoming tide. The length of 
the arrows is more or less proportional to the strength of the 
current. The dotted arrows show the direction of the currents 
after the dam has become submerged. It should be understood, 
however, that the data of fig. 5.are not like those described below 
based on measurements, and that therefore direction and length 
are only approximately right. 

The current measurements had to be made in shallow water 
and often with very low current velocities. For that reason cur- 
rent meters could not be used and I therefore adopted the much 
simpler way of timing floating seaweed. This was done in the 
following way: 

A piece of bamboo of exactly 2 m length was fixed rectangularly 
onto another stick’so’that the first could-be held horizontally in 
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Fig. 5. Showing the direction and approximate relative velocities of the 
flood current over the flats. The dotted arrows show the direction of the 
currents after the dam has become submerged. 


the water. It was placed in the direction of the current, the water 
flowing along it from one end to the other. A piece of Fucus 
vesiculosus or Ascophyllum nodosum was then thrown into the 
water beyond the end of the stick upstream, and timed with a 
stopwatch as it floated along the length of the stick. Three 
readings were taken directly after each other, and the mean of 
these was taken. This was repeated every quarter of an hour. The 
method is quick and accurate as long as there is not too much 
wind. When the strength of the wind was more than 5 (scale de 
Beaufort; 8.6 m/sec.) no measurements could be made with 
any accuracy, as the direction and the velocity at the surface 
and nearer the bottom then greatly differed. This could be 
shown by throwing into the water strands of Ascophyllum, which 
then took up an oblique position owing to the difference in the 
currents. 

At the point where the current was to be measured a pole was 
driven into the bottom, and a boat or canoe was fastened ito it, 
from which the currents were measured every 15 minutes during 
the period of submersion. In this way a curve of the current 
velocity as a function of time could be constructed (fig. 6). Each 
curve has two maxima, one for the incoming and one for the 
outgoing tide (the direction is not incorporated in the diagram). 
The currents of the incoming tide are often stronger than those 


of the tide running out. Livers (1930) 1ound this to be the rule 
in the German Waddenzee (Jade bay). 


The minimum at high water is often not 0, as the current. 


turns round 180° gradually and does not come toa fullstop. The 
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time of exposure is not given exactly, but is, of course, about 12220 
minus the time of covering. Currents were measured at or near 
neap as well as spring tide and with different wind directions. 

The following places were taken for measurements (see ede 
fig. 1): 

1. Mussel beds at the point where they were largest, halfway 
between Bg and Aq; 

2. between Bg and Bg, where only a few small clumps of 
mussels grow; 

3. between A4 and A5, and like 2, near the extremity of the 
mussel beds; 

4. the small beds beside the dike near A6 (1935 only); 

5. the beds beside the dike at the opposite side of 4 (1935 
only); 

6. on the flats near 5, outside the shallow creek which runs 
along the dike here; no mussels; 

7. on the triangular bed on the east corner of the flats; 

8. on the sandy ridge bordering the flats on the east side; no 
mussels; 

g. on the dike, at 2000 m from the harbour; 

10. on the dike, at 2400 m from the harbour; 

It. just behind the dike a few meters further along, where 
the mussels have spread some way over the muddy flats at the 
south side. 

While measuring the currents it soon appeared that a complete 
picture could not be arrived at in the time at my disposal, for 
several reasons. In these shallow-waters‘the wind has a great in- 
fluence on the strength of the current, the time of covering, and 
even on the direction of the current. Two measurements in the 
same place made two days running may show considerable 
differences with even little difference in wind. A further difficulty 
was that the period of submersion of course only coincided with 
daytime at certain intervals. What I needed were the velocities 
of the flood and ebb currents.during the period of submergence, 
each period of submergence being separated from the next by a 
period of emergence. If the outgoing tide occurred in the morning 
and the incoming tide in the evening these two parts had to be 
joined together to form a curve of the whole period of sub- 
mergence. This joining together (in converse order) could best 
be done at the moment of high water. It was very difficult and 
often impossible, however, to determine the moment of ‘high 
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water when watching the current, as it very seldom stopped and 
then started flowing in the opposite direction, but as a rule 
turned round gradually. Besides, in those places where the tide 
did not turn round there sometimes was a more or less long 
period of practically stagnant water. The official time of high 
water, as given in the tide tables, was of no use, as the winds 
often influence the tide to such an extent as to change the time 
of high water considerably. The only way that seemed practi- 
cable was to take the moment of high water as registered by the 
tide gauge in the Marsdiep. It appeared, however, that even then 
there was a great difference in time on two different days be- 
tween the moment of high water in the Marsdiep and, for in- 
stance, the moment the water started covering a certain mussel 
bed. 

These and many other factors influence the results to a greater 
or smaller extent, and we have to consider them with some 
reserve. In my opinion, however, the conclusions drawn from 
the measurements are justified. 

There are two values which interest us most of all. In the first 
place there is the maximum current velocity. It is quite possible 
that this factor influences the distribution of the mussel, as it may 
be expected that above a certain value the currents sweep the 
mussels away. This would, of course, only refer to high current 
velocities. The second value of interest is the value in which is 
expressed both the strength of the current and the time during 
which it is in operation. It is possible that a short spell of strong 
current is equalled in its influence by a long time of a less strong 
current. Besides, the entire time of submergence as compared 
to the time of emergence is a factor of great influence, which 
should be expressed in the second value also. 

Now, as regards the first value, the maximum current velocity 
was probably never measured at any place, as I made only few 
observations on each place, and stormy days, on which the 
currents are certainly the strongest, were never used for measure- 
ment (see above). The second value, however, could be best 
expressed in the following way, which gave us the relative values 
for the mean current velocity. The mean current velocity in a 
certain place per 12"g0™in. is proportional to the area enclosed 
between the curve and the horizontal axis (see fig. 6). The best 
way to arrive at the relative values of'these areas is to add up the 
ordinates of every quarter hour, which means adding up all the 
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measured values of one tide. Comparing the sums from different 
places we compare the relative values for the mean current 
velocities at these places. From the different measurements on 
the different days a mean could be calculated for each place 
of measurement, which I will call, for convenience sake, the 
current figure’. Now this value, to a certain extent, also in- 
dicates the relative value for the maximum current, for it could 
be seen from the measurements that a place with a high mean of 
total current (= current figure) also had a high maximum. 
This of course is natural, because in the northeastern part of the 
flats the water runs faster, but also the time of covering is longer 
than in the southwestern parts, where both the current velocity 
and the duration of the covering are much less. 

The results of the current measurements, expressed as current 
figure, are given in Table I, while in fig. 6 an instance is given 
of a measurement from each locality. 


Fig. 6a: localities 1, 2, 3. At 1 there is a stronger current than at 2 and 3, 
which lie near to it. This is due to the fact that the mussel beds here occur 
in a shallow creek, which takes the water to and leads it from a great part 
of the mud flats, where the Zostera vegetation can be found. As we see, the 
difference chiefly exists in the beginning of the flood and the end of the ebb. 
Before and after the time of high water (in this case from 4" to 630) there 
is hardly any current at all, most of what there is being due to the wind. 

* Here it was easy to join the two curves together, the ebb having been measured 
in the morning and the flood in the evening. 

Fig. 65: localities 4, 5. These two points, like 1, are situated in shallow 
creeks. The curve for 4 is an instance of two parts of a curve not joining 
well together (between 3" and 415). There is no difficulty with the curve 
for 5. The strange changes in current velocity (and direction) between 6 
and 8530 are due to the wind, which apparently often has much influence 
on the currents at these places. The joining of the curves in this case was 
not done at the moment of high water, which occurred probably about 62. 

Fig. 6c: localities 5, 6. Another curve for 5 is given here, the measurement 
having been made at the same time as at 6. This last point is situated on 
the muddy flats close by. It was a windless day and the turning round of the 
current at locality 5 (g") appears to be normal, as the water first drains 
over the flats directly (southwest and west), but afterwards, as the flats 
begin to emerge, has to run eastwards along the creek beside the Vangdam. 
The moment of highwater was about 6", which, however, cannot be seen 
from the current velocity. 

Fig. 6d: localities 7, 8. At 7 we find mussel beds; at 8 the bare sand is 
distinctly ribbled.. The.currents are much stronger at 8. As we see, the tide 
here turns round (545) and does not come to a full stop. 

Fig. 6e: locality 9. Where the flats end the dike bends the current round, 
and as soon as the level of the water has risen above that of the dam the 


Fig. 6. Current curves for different places (see map). Horizontal axis 
time in hours; high water in the Marsdiep reckoned as 6%. Vertical axis 


current velocity in meters per minute. Left half of each figure = flood, 
right half = ebb. a. 14 VIII 35. == I) <-c=-= gis DO eae = 3. b. 19-20 


VIII 35; 19 VIII: second half of flood and 


entire ebb; 20 VIII: first half 
of flood. = 4, ----- - = 5. 6. 21 IX gs, == 5y wooo = 6. d. 27 VII 
36, ------ = 7, —-- = 8. e. 5 1X 35, = 9. f. 20 VIII 35. = 10, 


cance = 11, For further discussion of the figures see text. 
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water runs obliquely over it. The current is very strong. A peculiar influence 
of the wind is shown here, as the current turns round very late (8530), 
24 hours after high water in the Marsdiep. As observation at the time showed 
the water had already been falling for some time. This is also shown by the 
shortness of the period of ebb. 

Fig. 6f: localities 10, 11. The current here runs more parallel to the dike 
and therefore its strength over the dike is not as great as at 9. The influence 
of the breakwaters at the north side of the dam is obvious, as the current 
behind them (11) is much less strong than between them (10). The early 
change in the direction of the current (515) and the high velocity of the ebb 
current are probably both due to the wind. 


TABLE 1 
A B Cc 

1. (3) 199-264-294 

2. (3) 155-171-199 

3. (3) 154-180-217 

4. (4) 201-230-263 

5. (5) 173-252-301 

6. (1) 122 (178) *) 

7. (4) 171-217-287 

8. (2) 302-356-409 

9. (4) 521-697-874 
TO: (2) 387-406-425 
tr. (2) 288-295-303 


Lowest, mean, and highest value for the current figure in different places 
of the flats (1-11). A = no mussels, B = mussel beds, C = on the dike. The 
number of days on which measurements were made is given in parentheses 
after the locality number. 

*) For 6 only one measurement was made on a day of neap tide, amount- 
ing to 122 as current figure. The value is probably very low. That same day 
the figure for 5 was 173. The mean for 5 from 5 measurements was 252, and 
the mean current figure for 6 will therefore be higher in approximately the 
same relation, amounting to 178. 


If we look at the value for the current figure more closely we 
see that there is some correlauon between this value and the 
presence of mussels. When the current figure is less than 200 the 
circumstances are apparently not favourable for the growth of 
the mussels (localities 2, 3, 6). Where the figure is 200 to 300 
mussels are found (localities 1, 4, 5, 7, 11). Where the current 
figure is above 300 we do not find any mussels on the flats 
(locality 8). On the stone dam, however, currents can be much 
stronger without any apparent harm to the mussels (localities 


Q> 10). 
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On the flats, therefore, a certain mean value of the current 
figure corresponds to the occurrence of mussels, whereas on the 
stone dam, as far as we can see from these measurements, this 
is not the case. 

Now, from these data alone it is not possible to conclude 
whether it is the mean or the maximum current running at a 
certain place, which is the essential factor in the distribution of 
the mussel. As far as the outer parts of the flats are concerned it 
seemed probable that it was the maximum current velocities 
which made life impossible for the mussels, and it seemed worth 
while to make some experiments to show this. 


Mussels were laid out on the flats at different places. These 
places, which are marked on the map (fig. 1,7, 0, ¢,1), were all 
situated on the hard sandy parts of the flats. An area of 75 x 
75 cm was selected and 400 mussels were laid down there. Fig. 7 
gives an instance of the way in which this was done in all the 
places. 

7. The mussels were put down at low water. After one day 
most of them had joined together in clumps. After three days they 
were washed away to some distance and only about 200 remained 
on the original area (fig. 8). After 12 days about 100 remained 


Fig. 7. ». Showing 400 mussels as they were put out on the different places. 
They are all separated from each other and the area covered is about 75 X 75 
cm. Photograph taken immediately after they had been put down. 
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Fig. 8. 7. Mussels after 3 days on the sands. All those remaining on the 
original place have fixed themselves onto another mussel. 


and 225 were counted up to a distance of 6 m. They were all 
washed along in the direction of the flood current. After 14 days 
only few remained on the original area (together with 27 which 
had attached themselves to the little post marking the original 
place) and 132 were found within 6 m distance. After 17 days 


Fig. 9. d. Mussels after 3 days on the sands. On the background the Malzwin,. 
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there were only 15 on the post and 49 within 6 m. When in- 
spected 5 weeks later not a single one was to be found. 

o. Aty every tide left the mussels exposed for some time. ‘The 
position of d was a little lower, being about between the low 
water mark of neap and spring tide. 

Four hundred mussels were laid out on the sand. Next day 
many had fixed their byssus onto each other and were lying 
in clusters together, but they had not been moved much. After 
3 days they had been washed away considerably (fig. 9), and as 
time proceeded their distance from the original place increased 
and many could not be found again in the neighbourhood. After 
about 6 weeks all of them had disappeared. Strong westerly 
winds during July made regular inspection impossible, as the 
water did not sink far enough. The same applies to :. 

«. This place was situated even lower than 3 and was only 
exposed at extreme low water. The sequence of events was 
practically the same as at J, but the mussels disappeared even 
‘quicker. After 3 days only 50 remained and when they were 
again inspected after 6 weeks they had all disappeared. 

. 4%. The current being apparently even stronger here the mus- 
‘sels were washed away in a very short time. Four hundred were 
daid out and the next day only 20 remained, 12 of which were 


Fig. 10. 7. Mussels remaining from 400 which had been put out 2 days 
previously. Only those which had a fixed point to attach themselves to have 
held out against the currents. 
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attached to the post. The others lay along the creek up to a 
distance of at least 100 m in SE direction. Two days later only 
the 12 on the post remained (fig. 10). 

It is remarkable that at all the places the mussels were only 
washed along in the direction of the incoming tide, the flood 
current apparently being stronger than that of the ebb. We have 
already seen that this was apparent to some degree from the 
measurements of the current too. 

To see how far mussels could be transported 400 mussels were 
painted with red lead and put down at » (fig. 7). Next day they 
had sunk down a little in the sand and were fixed in clusters onto 
-each other. After 3 days 263 could be found again above low 
water mark, all of them along the creek in a southeasterly 
direction. Many of the others must have gone down the slope of 
the creek. Fifty were still on the original place, 196 between there 
and 250 m distance, and 17 beyond that. One was found near 
the stone dam at about 400 m from its original place. After 9 days 
117 were found, none being nearer than 4 m from the original 
place. After 12 days only 21 remained visible, all at a consider- 
able distance. After 7 weeks 3 were found at 250 m distance, 
spun together with mussels which certainly had no paint on 
them. It seems probable from this that mussels are being trans- 
ported constantly over the sands. As these mussels were still 
alive the transport does not seem to harm them; they can attach 
themselves again if they can find a suitable substratum. 

Apparently, then, currents, if strong enough, can transport 
the mussels or sweep them from their place, and this surely is 
the reason why the animals do not occur on the sands in places 
which have a high current figure. 

We have seen, however, that high currents can be withstood 
on the dike, and it is probable from this that the substratum is 
as essential a factor as the current velocity. We shall therefore 
take this factor into account, tue more so as no explanation has 
yet been given of the absence of mussels on the higher, soft parts 
of the flats, where the currents are weak. 


2. SUBSTRATUM 

The currents have a direct influence on the composition of the 
substratum. Bruce (1928), studying the intertidal zone, com- 
ments upon this question in some detail. The stronger the current 
the coarser the grain of the material which can be transported 
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by it and also of the material which is left behind by the current. 
As the water proceeds inwards over the flats the velocity becomes 
more and more reduced, and gradually lighter material will be 
deposited so that the mud of the bottom will be softer. The 
weakest currents prevail in the high southwestern corner of the 
flats, where Leidam and Vangdam meet; here we also find the 
softest mud. 

While discussing the currents several facts have already been 
mentioned, which indicate the great importance of the substratum 
for the mussel. The animal can resist much higher currents on 
the dam than on the flats and the experiments also suggest that 
a stronger substratum might make life on the outer flats possible. 
Apart from the difficulty of fixing themselves on the sand there 
might be the disadvantage of the moving sand, which could 
cover the animals up. A third point to be investigated is whether 
perhaps the substratum can be so soft as to make it impossible 
for the mussel to live on the higher parts of the flats. 


a. Substratum as a fixing point for the mussel 


To see what was the significance of the substratum as a point 
to fix the byssus the following experiments were made. Eternite 
plates, measuring 125 X 130 cm, were put down in several 


Fig. iG bee. Mussels on the part cleared of Zostera nana and Chaetomorpha 
linum. A bunch of Chaetomorpha lies to the right. The black dots (upper 
left side) are Littorina littorea (is) 
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Fig. 12. a. Eternite plate with mussels put down on the left half. They 

have spun themselves together very nearly in the position in which they have 

been put out. The dark parts around them are mud which was left on their 
shells: and has been washed off. 


places, and mussels were laid out on these plates. Beside these 
plates mussels were laid out on the bare flat. The plates were 
fixed in position by four posts driven into the sand or mud. Half 
of each plate was covered with 400 mussels. Such experimental 
plots were laid out at a, 6, and 7. 

a. Very weak currents. Four hundred mussels were laid out 
amongst the Zostera nana vegetation, 400 on a similar area 
which had been freed from all covering plants, while 400 were 
laid out on the eternite plate. 

In the mussels on the mud only few changes were observed. The 
mussels sank away a little or buried themselves until they were 
still about 1/3 above the surface. Most of them were spun to- 
gether, but those which remained alone did not sink away either 
(fig. 11). Some were smothered by the sand which Arenicola 
marina L. constantly brings to the surface, but they were only 
few. After 2} months 350 of them were still to be found in the 
area cleaned of vegetation. In the Zostera-covered area counting 
was more inaccurate, but only a few had disappeared, 

The mussels on the eternite plate fixed themselves in a short 
time, mostly in groups of 5-15 together. After that no great 
changes could be observed (fig. 12). As there was practically 
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no sedimentation here only very little material collected be- 
tween them and little faeces were added to this (see p. 152). 

@. Somewhat more current than at x. There was no vegetation 
of Zostera at this point. 400 mussels were laid out on the mud and 
400 on an eternite plate. These last remained in position after 
they had fixed their byssus and were still present after 3 months. 
The fate of those on the mud was the same as at «. The activity 
of Arenicola was perhaps slightly greater, but had hardly any 
influence on the mussels. 

In these places then, both « and (, there seems to be no great 
difference between what happens to the mussels on the plate and 
to those on the mud itself. 

A much greater difference could be observed further out at 7. 

7. The 400 mussels put out on the flats were gradually washed 
away, as has already been described (see p. 130). 

Beside these again 400 mussels were laid down on an eternite 
plate. These held out for a considerable time and after 3 months 
a few still remained. After the first tide they had all fixed them- 
selves with byssus to the plate and to each other. All had been 
washed to one side of the plate, however (fig. 13). Probably this 
was because they had not fixed themselves when the first flood 
water came, whereas by the time the water was ebbing they had 
had time to fix themselves sufficiently. In the course of time great 


Fig. 13. 9. Mussels driven together by the current. They had been put out 
as shown for « in fig. 12. The plate has already partly been covered with sand. 
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quantities of material, which threatened to cover them up, were 
collected between the mussels. To save themselves they had to 
loosen their hold on the plate and had to climb higher. Thus, 
however, their hold grew less strong and gradually some of them 
were washed away. After two months there was 6 cm of sand in 
some places. After nearly 3 months 30 still remained, but 50 had 
been taken off previously for the determination of the quality 
index (see p.. 151). = 

On the mussels here Ulva lactuca L. grew in large quantities, though higher 
up on the mussel beds no such growth was observed. Probably Ulva occurred 
here because the place was somewhat lower and Ulva cannot stand long 
exposure. Several authors mention Ulva as a passive enemy of the mussels, 
as it can smother them (FreLp, 1922; Havinca, 1929). Whether this was a 
factor of any influence in the disappearence of the mussels here could not be 


decided. 


The fact must here again be mentioned that the posts which 
marked out the flats in squares of 200 X 200 m often had several 
mussels attached to them. This observation, together with the 
results of the experiments, shows clearly that the sand is in- 
sufficient support for the mussels and that the currents sweep 
them away. It seems to be due to this that no mussels occur here. 


b. Covering with sand 


The next point to be discussed is the influence of the sand 
which is constantly being transported over the flats and which 
might have some influence, as it may cover up the mussels. 

We saw that the mussels on the outer parts of the flats, whether 
they were lying loose on the sand (n) or were fixed to some hard 
substratum (7), were covered by sand, and we saw them trying 
to get out of it again (y). It has often been mentioned covering 
with sand or mud is very injurious to the mussel. Thus, WRIcHT 
(1917) says that mussels always died in from four to five days 
when covered by sand, and that with even the slightest covering 
they made no effort whatever to raise themselves above it or 
otherwise to free themselves. 

I made similar experiments and came to different conclusions. 

Five mussels of 8 cm were put in a small aquarium with a 
thick layer of sand and running sea water, and covered by a 
layer of 4 cm sand. Next day 3 had worked themselves up so 
much that their siphons had appeared, while the fourth showed 
itself after 5 days. The last one had died in the mean time. 
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Covering the remaining four with 1-1} cm of sand three reap- 
peared within 4 days and the fourth after 5 days. Covered with 
2 cm of sand none reappeared and after 6 days two had died. 
The other two died in the next 3 days. 

Apparently some mussels can live for several days under the 
surface. How exactly they manage to work themselves up I 
could not see. At a certain moment they appear at the surface 
and then work themselves still higher up, but no movement 
was ever actually observed. The most probable explanation 
seems to be that they succeed in changing their position with 
their foot, raising the sipho, while the umbo was lowered. When 
the layer of sand covering them is too heavy they are not strong 
enough to change their position and die of suffocation. 


c. Sinking down 


Many authors have stressed the point that a soft substratum 
will not support the mussels and that they will sink away into it. 

Among them NrensurG (1925) is of this opinion. According to him the 
occurrence of Fucus on mussel beds can be considered a symbiosis. The mussels 
would be kept at the surface by Fucus, while the Fucus would profit from the 
presence of the mussel, as it serves as a holdfast on the otherwise bare flats. 
LEHMANN (1933) supports this hypothesis, but THAMDRUP (1935) Opposes 
it and thinks there is no question of such a symbiosis. 

We have already seen that the mussels put out on the mo- 
derately soft parts of the flats (5), and even those on the very 
muddy parts (x), did not sink down. They were, of course, 
not supported by Fucus either. 

To see whether it is possible for mussels to sink away in soft 
mud a few experiments were made in the laboratory. The ex- 
periment was made with ordinary mud from the flats, which was 
further treated as follows. An amount of mud was thoroughly 
mixed with sea water and then allowed to stand for 5 minutes, 
the coarser material thus sinking to the bottom. The water was 
then poured off into a bucket and left for 24 hours, after which 
period most of the suspended material had settled. This was put 
into an aquarium and used for the experiment. Water gently 
circulated over it so that it did not stir up the mud. Eleven mus- 
sels were put on this mud: four, about 4-4} cm long, were put 
onto the mud in normal position (foot downward), two of the 
same size were stuck with the umbo downwards into the mud 
and two with the umbo upwards, these last four emerging about 
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1/3. Three mussels of about 1} cm length were put down side- 
ways. 

After a few minutes the small ones put out their foot and 
started searching the surface for a holdfast. They crept about » 
the surface and succeeded in remaining on top of the mud. 
Every now and then one would sink away a little, but they all 
worked themselves up again sooner or later. Next day all had 
reached a larger mussel and attached themselves to its shell. 

The larger ones remained quiet for some time longer, but 
within 20 minutes they were all working with their foot, except 
those which were put in with the umbo downwards. These did 
not move, except that they opened their valves. 

The two mussels with the umbo upwards had disappeared 
completely within 24 hours. It was obvious that they had 
searched with their foot for something solid, or tried to get hold 
on the surface of the mud with this organ, which was flattened 
out during these searchings. A good-sized Cardium shell was laid 
down beside one of them. It was immediately pulled down by 
the mussel as it tried to work itself up by it. Both mussels sank 
further and further until they touched the bottom of the aqua- 
rium and were then removed. 

Of the four mussels which were put with their foot down- 
wards three gradually disappeared into the mud as they crept 
about, probably searching for a hard object. Only one which 
lay quite still remained at the surface. 

It appears from these observations that when the mud is 
extremely soft a mussel of some size cannot remain on the sur- 
face and will gradually sink away. 

After some time, however, the material in the aquarium had 
consolidated and had become firm enough for the mussels not 
to sink. It follows from this that even the very finest material, 
which will probably never be found under normal circumstances, 
becomes firm enough to support the mussels, and NIENBURG’s 
supposition that the mussel would need Fucus to support it on 
the soft mud apparently does not hold. 


It was remarkable how small beds of Mytilus, especially far out on the flats, 
but also on the softer western parts, were often completely covered with 
Fucus. This alga might play a significant part in the life of the mussel, as it 
might help to hold the mussels together in strong currents or might act 
as a silt collector specially in view of the fact that large amounts of silt are 
being transported over the flats constantly (see below, p. 148). To see what 
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Fig. 14. A small bed which was originally completely covered with Fucus 

spiralis. Right part cleared. Position near M. B4 is visible in the background. 

Near the Malzwin C5 can be seen. The red stick which marked the middle 
of the bed can hardly be seen (Isochrom). 


influence Fucus had the algae were removed from one half of a few beds, so 
that the mussels were freely exposed, while the other half of each bed was 
left in its normal state. Fig. 14 shows the appearance of one of those beds 
which had thus been cleared of algae. 

Two places were taken on the sandy and one on the muddy part of the 
flats. Observations were made regularly. It soon appeared that where the 
currents were strong the material between the mussels was quickly washed 
away when Fucus was not present. The mussels first of all were freed from the 
surrounding silt, and then they soon started ‘sinking lower. The sequence 
is shown diagrammatically in cross section in fig. 15 (see also fig. 16). In the 
two beds exposed to strong currents the process was a quick one, and after 
5 days the mussels were already sinking down, while where the currents were 
weak it took about 3 weeks to reach this stage. After that the mussel beds 
in the strong currents gradually began to be swept away. 


Fig. 15. Diagrammatic drawing of the sequence of events on the mussel 
bed which had partly been cleared of Fucus. The hole in the left side is not 
essential; it does not spoil the demonstration and incidently shows that the 
beds may be easily broken up by waves and currents. 
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It should be mentioned that where the currents were strong the mussels 
were much more firmly attached to the Fucus than where they were weak, 
and in the latter case the Fucus could be removed much more easily. Fucus 
may be of use to the mussel by forming a foothold against the currents, but 
the process is harmful to the alga, as the strands thus spun in by the mussels 
are soon covered up with mud. 


Fig. 16. Showing the same bed as fig. 14 after the right half had been cleared 

2% months previously. The dotted line delimits the original outline of the 

bed. The arrow points at the post marking the original centre of the bed. 

Left side broken up by waves, etc. B4 in the background. The water is not 

quite as low as in fig. 14, but even then not many more mussels would have 
shown above the surface. 


From the observations and experiments so far described we 
may draw the following conclusions. 

In those parts of the area studied where we find coarse sand 
and strong currents the mussel. cannot resist these currents and 
is swept away by them. If a suitable substratum is present, 
which will not be-covered by the sand (e.g. the concrete posts), 
the mussels can live very well there. Spun together with Fucus 
they can probably hold out longer, but these small beds never 
remain for any length of time. . 

On the soft substratum they do not sink down, and specimens 
remained at the surface for at least 3 months. We must look for 
some other reason for the absence of mussels here. 
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3. TIME OF EXPOSURE AND WEAK CURRENTS 


In the first chapter the conclusion was reached that a low 
current figure was unfavourable to the mussel. This low figure 
resulted both from a long time of exposure and from the weak 
currents so that both the factors should be considered at the same 
time to see what influence either of them might have upon the 
mussel. 

During the time the mussels are not covered with water they 
are exposed to the following influences: 

a. desiccation, 

b. extreme temperatures, 

c. extreme salinities, 

d. temporary oxygen deficit, 

e. temporary food deficit. 

The weak currents and nearly (or even entirely) stagnant 
water would expose the mussels to: 

1. extreme temperatures, 

2. little oxygen, 

3. little food. 

Desiccation and high salinity could only be due to the long 
time of exposure, not to weak currents, while extreme tempera- 
tures to a certain degree, and oxygen and food shortage even 
more, could be due to both factors. 

We will now discuss these factors separately. 


a. Desiccation 


It is not probable that this factor would have a direct noxious 
influence on the mussels, as they close their shells firmly as soon 
as they emerge from the water. The factor is certainly subor- 
dinate to the oxygen shortage. 


b. Extreme temperatures 


The mussels high up on the flats are exposed to more extreme 
temperatures than those further down. The water which re- 
mains in the pools is heated by the sun, and a few measurements 
of the temperature near « showed that 28° C is by no means an 
uncommon temperature in the height of the summer. I omitted 
to measure the temperature of the mussels exposed freely to the 
rays of the sun, but on days with little wind the dark shells will 
certainly take up a great deal of warmth. Evaporation can help 
the animal little, as the shells are dry very soon, with not even 
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a wet line where the two halves of the shell meet. As this point 
was not studied any closer the question of the high temperature 
remains an open one, and the possibility remains that high 
temperatures help to delimit the area where the mussels can be 
found. . 

As regards low temperatures we know that strong frosts may 
kill all or practically all mussels which are uncovered at low 
water. Severe cold in December 1938 killed nearly all the 
mussels in this area. Elsewhere the same has been observed after 
the hard winter of 1929 (BLEGVAD, 1929; CAULLERY, 1929). The 
only mussels which were found alive were those in between the: 
stones of the dam and some of those which lived in the creeks 
on the flats. The first apparently profited from the warmth given 
off by the stones, while the last may have survived through 
their perpetual immersion. As nearly all the mussels in the in- 
tertidal zone were killed it does not seem possible that severe cold 
had any influence on the distribution there, though a less severe 
winter might kill the mussels higher up and not those lower 
down. 


c. Extreme salinities 


Though no salinity data are available the area studied is so 
small that there probably is no gradient of salinity in the water 
covering the flats during rising tide. As there is no direct draining 
from land onto this part the only source of fresh water is rain. 
Now, if a heavy shower were to fall during low water all the 
mussels on the flats would be exposed to it, but as they are closed 
during this time they would probably suffer no injurious effect. 
As soon as the water comes up they will open the shells. At that 
moment the sea water will be slightly diluted with the fresh 
water. The effect of this dilution will be the greater the higher 
we are on the flats. We must remember, however, that even a 
heavy shower will be of little influence as compared to the enor- 
mous quantities of sea water with which it is mixed. I think, 
therefore, that this factor can be of hardly any importance. All 
the same it seems to be of interest to make a further study of the 
salinities on these flats. 


d. Want of oxygen 


It has already been mentioned that the oxygen might be a 
limiting factor as a consequence of long exposure or weak cur- 
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rents. It must be added, however, that the thin layer of covering 
would be to the good, as it would make it more easy to resaturate 
the water with oxygen, should a deficiency occur through the 
slow currents, than a thick layer of water. 

To get some insight in the oxygen requirements a few ex- 
periments were made in the laboratory. As we were particularly 
interested in the uptake of oxygen from more or less rapidly 
running water the experiments were made under circumstances 
which were rough imitations of natural conditions. Into a 
channel of 200 cm length, 10 cm width and 6.5 cm depth water 
from the aquarium of the laboratory was introduced. The flow 
of the water could be regulated, and its velocity was -- 8 m/min. 
at its maximum. Into this channel 147 mussels of about 6-8 cm 
length were brought, covering an area of 125 cm length and the 
total width of the channel. Determinations of the O,-content of 
the water were made with WINKLER’s method in bottles of about 
250 cc contents with a correction for nitrite according to 
ALSTERBERG (see MaAucHA, 1932). Samples were taken before 
and after the water had passed over the mussels, and the values 
were compared. Only those values were used, where the dupli- 
cate determinations did not differ more than 0.03 cc/I. The 
amounts of oxygen used under these circumstances varied very 
.much under the influence of largely unknown factors, but as a 
general conclusion we can say that the amount of oxygen used 
is very small. The initial oxygen content of the water was always 
98-90% and the consumption at a current rate of 7}-84 m/min. 
was 0.04-0.10 cc/l or 0.7-1.8%. 


For example: 13-VIII-36. 15"00, T = 17°.8 CG. S = 30.75. Current: 
83 m/min. Water before mussels (w.b.m.) 5.48—5.48 cc/l; water after it had 
passed over the mussels (w.a.m.) 5.44—5.44 cc/l. Consumption 0.04 cc/I.— 
2-IX-36. 14"45. T = 18°.4 GC. S = 29.35. Current 8.5 m/min. W. b.m. 
5-52-5-55 cc/l; w.a.m. 5.47-5.47 cc/l. Consumption 0.06 cc/l.—6-IX-36. 
12h40. T = 18°.3 C.S = ? Current 7} m/min. W.b.m. 5.34-5.35 cc/l; w.a.m. 
5-23-5.26 cc/l. Consumption 0.10 cc/l.—13-IX-36. ro4eo. T = 17°.6 C. 
S = 30.43. Current 7} m/min. W.b.m. 5.48-5.49 cc/l; w.a.m. 5-40-5.40 cc/l. 
Consumption 0.08 cc/l.—Etc. 


When large amounts of material had collected between the 
mussels (chiefly faeces and pseudofaeces) the consumption was 
somewhat greater (0.07, 0.10, 0.11, 0.15, etc.). When the current 
rate was reduced to 1} m/min. the consumption rose to 0.17— 
0.24 cc/l, which is 3.2-4.5%. 
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4-IX-36. 14545. T = 18°.7 C. S = 29.35. Current 14 m/min. W.b.m. 
5-34-5-32 cc/l; w.a.m. 5.17—5.14 cc/l. Consumption 0.17 cc/].—Idem 15515. 
W.b.m. 5.38-5.34 cc/l; w.a.m. 5.13-5.17 cc/l. Consumption 0.21 cc/l.—Idem 
19'45. W.b.m. 5.35-5-35 cc/1; w.a.m. 5.17—5.14.cc/l. Consumption 0.19 cc/l.— 
6-IX-36. 14%55. T = 18°.5 C. S = ? Current 1} m/min. W.b.m. 5.19- 
5-17 cc/l; w.a.m. 4.93-4.94 cc/l. Consumption 0.24 cc/l.—Etc. 


After a period of emergence, varying in these experiments from 
12 to 26 hours, the amounts of oxygen consumed were 2 or even 3 
times higher in the first hour. After that time, however, the rate 
of oxygen consumption was always reduced to the normal level. 


4-IX-36. g*10, after a period of emergence of 12 hours, the water is 
again made to flow over the animals. T = 18°.6. S = 29.35. Current 7} 
m/min. 920. W.b.m. 5.46-5.44 cc/l; w.a.m. 5.19-5.25 cc/l. Consumption 
0.23 cc/l. 9935. W.b.m. 5.47-5.51 cc/1; w.a.m. 5.37-5.38 cc/l. Consumption 
0.11 cc/l. ro®10. W.b.m. 5.48—5.50 cc/l; w.a.m. 5.42—5.40 cc/l. Consumption 
0.08 cc/l. No further determination was made with the same current rate 
that morning. The last determination on the previous day (before the mussels 
were laid dry) gave a consumption of 0.07 cc/l; while the next determination 
with a current of 7} m/min. (two days afterwards) gave 0.10 cc/l. We can 
therefore take the last value of 0.08 as normal.—7—IX—36. 940, after a period 
of emergence of 13 hours, the water is again let over the mussels. T = 18°.2. 
S = ? Current 73 m/min. 9°47. W.b.m. 5.25-5.23 cc/l; w.a.m. 5.08-5.12 cc/l, 
Consumption 0.14 cc/l. 10800. W.b.m. 5.29-5.30 cc/l; w.a.m. 5.13-5.16 cc/l, 
Consumption 0.15 cc/l. 10°35. W.b.m. 5.23-5.26 cc/l; w.a.m. 5.20—5.20 cc/l. 
Consumption 0.04 cc/l—10-IX-36. 17*10, after a period of emergence of 
26 hours, the water is let over the mussels. T = 17°.6 C. S = 30.43. Current 
74. m/min. 17220. W.b.m. 5.36—5.39 cc/l; w.a.m. 5.31—5.30 cc/l. Consumption 
0.07 cc/l. 17°35. W.b.m. 5.36—5.35 cc/l; w.a.m. 5.31-5.33 cc/l. Gonsumption 
0.03 cc/l. 18210. W.b.m. 5.41—5.42 cc/l; w.a.m. 5.37—-5.37 cc/l. Consumption 
0.04 cc/l.—Etc. 


There appears to be no direct relation between the period of 
emergence and the amount of oxygen taken up immediately 
after it. Moreover, the highest values are not always found im- 
mediately after the water has again covered the animals. This 
may be due to the fact that the mussels do not all open their 
shells at the same time, and it was frequently observed that only 
some of the animals were open and apparently active. This 
opening and closing of the shells was certainly one of the reasons 
why the results of these experiments were not more constant, 
and it may also explain the instance of a slight increase after 
a long time of emergence, as a gradual opening of the animals, 
one by one, would nullify the expected result. 

KoLiER (1930, p. 442) observes the same inconstancy and 
he remarks on Mytilus: “Die Miesmuschel ist an Aufenthaltsorte 
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mit stark wechselndem Wasserstand angepasst. Infolgedessen 
tritt bei ihr — oft scheinbar unvermittelt — volliger Schalenschluss 
und damit Aufhéren der Sauerstoffaufnahme aus dem um- 
gebenden Seewasser ein.”” Dopcson (1928, p. 194) mentions the 
same: “... mussels are prone to behave capriciously . . .” 

The water on the highest parts of the flats was shown in 
August 1937 to be saturated or even oversaturated (105%) 
during daytime. This high value is undoubtedly due to the as- 
similation of the countless green organisms covering the whole 
surface of the muddy parts. We may assume that at night there 
is sometimes undersaturation (see BROEKHUYSEN, 1935), but 
I have no further data as to the amounts of oxygen on these 
flats at my disposal. 

Mussels over a length of 125 cm are able to lower the oxygen 
content of the water, when its depth is 6.5 cm, by 3.2-4.5% 
when the current rate is 1.5 m/min. Thus, if the water flowed 
over a mussel bed of 12.5 m at this rate the oxygen content would 
be lowered by 30-45%. We can, therefore, imagine that water 
flowing during the night over the mussel beds and the flats with 
the thousands of other organisms would become quite under- 
saturated if the rate of the water was slow. 

There are, however, several reasons for thinking that low 
oxygen tensions are less harmful to the mussels than these con- 
siderations would at first lead us to suspect. First of all, the lower 
the oxygen tension the more oxygen the water will take up from 
the atmosphere. Secondly, as already stated, the shallow layer 
of water is easily resaturated from the atmosphere. Thirdly, the 
experiments seem to prove that mussels, even after long periods 
of exposure to the air, very soon catch up with their normal 
consumption of oxygen. If long exposure would cause serious 
oxygen shortage in the animals they would have ample time 
to regain their normal consumption even if the time of sub- 
mergence was only a few hours during each tide. On the other 
hand, during neap tides and easterly winds, the water may not 
reach the upper parts of the flats or only cover them insuffi- 
ciently and it is not impossible that the mussels very high up 
would suffer from serious want of oxygen then. 

Further investigations, which will be discussed in detail below, 
showed that the mussels declined rapidly in condition after they 
had been living on the high parts of the flats for 2-3 months in 
the summer (July, August, September 1937)..It was in this 
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period certainly improbable that the oxygen content of the 
water would be too low and that the oxygen supply would have 
been insufficient for the animals. HAzELHOFF (1938) has recently 
shown that those animals which use the same mechanism (viz. a 
water current produced by a ciliar movement) both for feeding 
and respiration must maintain a much stronger current to ob- 
tain sufficient food than would be necessary to satisfy their oxygen 
want. In other words, they show a very small consumption of 
oxygen per unit volume of water passed along the gills. It is 
therefore improbable that such animals as-the mussel would get 
short of oxygen and it is much more likely that the amount of 
food in weak currents is insufficient. 
This will now be gone into in some detail. 


e. Want of food 

We have seen that none of the factors which have been dis- 
cussed up to now gave a satisfactory explanation of the upper 
limit of the mussels on the area studied, and that, indeed, food 
might be most significant of all. 

The question what kind of food is the chief or only source of 
energy for the mussel has not been solved definitely. 


BLEGVAD (1914) thought that detritus was the principal food. His con- 
clusions are based on the observations of the stomach contents of 157 mussels, 
which were collected from 37 different localities. In all these cases he was 
convinced that detritus was not only the main part of the stomach content, 
but also that it served as food. FrzLD (1922) considers plancton of importance 
too, while HavincA (1929) draws attention to the possibility that bottom 
organisms whorled up by the currents might form a considerable food supply. 
He stresses the point that different conditions may prevail in different 
localities, and that this might account for the difference in opinion. Fox 
(Fox et al., 1936) finds that phytoplancton is the main source of food for 
Mytilus californianus, but this animal lives under different conditions to 
Mytilus edulis, and the results of his investigations can therefore not be ap- 
plied directly to the latter. FiscHER (1929) is convinced that dissolved organic 
matter is the main food source for the mussel and thinks that the distribution 
in a certain area which he studied can be explained by this assumption. He 
fails, however, to prove his assumption, and his explanation of the distri- 
bution is just as good even without drawing this very questionable supposi- 
tion of dissolved organic material as food into the discussion. 


Whatever the final answer, we can be sure that the food has 
to be brought to the mussel by the currents. The animals are, 
therefore, dependent both on the amount of food per unit of 
water and upon the current velocity. HAviINGA (1929) formulates 
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it thus: For good growth current x food content must have a 
certain value. As KREGER (1940, p. 193) already pointed out, 
increase of current velocity above a certain value has no further 
influence on the food supply, because increase only has any effect 
if food can still be taken from the water more quickly than the 
currents bring it along. . 

In the area we have in consideration the amount of food per 
volume unit of water is to a certain degree dependent upon the 
current velocity, as more material is suspended in stronger 
currents. The amount of food per volume unit of water cannot 
be determined, as we do not know what is actually taken up as 
food. We can, however, take some value in approximate corre- 
lation with the amount of food in order to get an idea of the 
amount at the disposal of the animals. As such the organic part 
of the material suspended in the water was taken. Certainly the 
amount actually used as food is less, but the amount in different 
places will be sufficiently proportional to that value to allow 
us to use it for comparison. If we can estimate the amount of 
material which is transported at a certain place, and determine 
the percentage of organic material, multiplication will give us 
a value for the organic matter at the disposal of the animals, 
which can be compared to that at other places. 

The amounts of material transported over the flats has to be 
determined first. The best way to do this seemed to be to put 
out jars, which were dug into the sand in a vertical position, and 
to compare the amounts of material collected in them. Though 
there are certainly objections to this method, as it is not really 
quantitative (MARSHALL & Orr, 1931), the values can be used 
very well here as we are specially interested in the relative values 
for the different parts of the flats. The possible influence of 
different weather conditions was not taken into account. 

The jars used were 21 cm high, the opening was 31 cm?, 
while the inside diameter was 7.9 cm. They were buried exactly 
vertically in the sand, leaving the top 3 cm above the surface; 
the jars placed in the mussel beds then had the top level with 
the mussels. Jars were put out in the following points (see map): 
7, B3, M, just SW. of M, Ag, p, and a. 

The amount of material collected varied considerably at 
different times, but it is obvious that, as we go further out on 
the flats towards the open sea, the amount of transported material 
increases greatly (see table 2). 
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TABLE 2 


Amounts of material collected in the jars on the flats in cubic centimeters 


21-26, VII. | 23-26, IX. | 13-26, Pcs, & |13. 1X3, 30 per day 
a. | = = 10-13 
p. | = - 33-42 
4A3- | 7 59 20-34 
zo m SW of M.; 450 — 122 go-61 
M. | 615 620 - 412 - 123-207-206 
B3. | 860 196 - 343 - 172— 65-171 
y. | = 570 ~ 760 - _ 190-380 


= 


normal Zostera vegetation. 
Xostera cleared away. 


i — 
_ 

The only discrepancy lies in the mussel beds themselves, which 
collect large amounts of suspended matter during the whole 
time of covering, partly as food, partly because any rough sur- 
face will collect material. Most of the food is reproduced in the 
form of faeces or pseudofaeces, which, being comparatively 
heavy, will sink down sooner than the original material would 
have done. Therefore, while in other places the finest suspended 
material will only sink down when the current becomes very 


Fig. 17. Amount of material collected in the jars put out on the flats. The 
jars were taken from the positions mentioned in Table 2 (p. 149); « is on 
the left, y on the right side of the photograph. The jar from « had been out 
20 days, all the others 2 days. 


TO 
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weak, here great amounts will be collected while the currents 
are still much stronger, and the amount of material collected in 
the jars will consequently be very much larger. Fig. 17 shows the 
results of the experiments from 1-3 X 1937 for the Jocalities 
p-y and a jar from which had been put out from 13 [X~3 X 1937. 
The differences are obvious. 

The quantities of material collected in the Xostera field are 
very low, which fits well with the observation that the sedimen- 
tation at « on the eternite plate was practically o. When the in- 
coming tide was observed there it was seen that the water, 
which was dirty as it came over the flats, was cleared within a 
few meters as soon as it came to pass through the Zostera. Prob- 
ably there is some sedimentation in the outer parts of the 
Kostera field. 3 

Having thus gained some idea of the relative amounts of ma- 
terial transported over the flats the next point was to determine 
the amount of organic material it contains. To this end it was 
assumed that the loss on ignition is chiefly due to organic ma- 
‘terial (MarsHatt & Orr, l.c.). The method is not very ac- 
curate, as there are several sources of error, such as crystallisation 
water and the decomposition of inorganic salts, but only relative 
figures were needed and the conclusions can therefore be con- 
sidered valid. 

TABLE 3 


Organic material in the jars in percentages 


a + 14 

p 6.5- 6.6 
A3 3-9- 3-9 
M 14.9-16.4. 
B3 10.I-10.7 
we | 4.I— 4.0 


A determination was made in the following way. A small 
amount of material, about 15 g, was weighed and dried for two 
hours at 120° C, and then weighed again. Taking the amount 
of salt per gram of evaporated water to be 0.033 g the amount of 
salt in the dry weight and therefore also the dry weight of the 

material minus the salt were known. The material was then 
heated on an open Bunsen flame for 1} to 2 hours, having been 
ground in a mortar beforehand. Both after the drying and after 
ignition the material was allowed to cool for half an hour in an 
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exsiccator, and finally weighed again. All determinations were 
made in duplicate. The results of one such series are given above. 

The high values for M and for Bg are undoubtedly due to the 
great amount of mussel faeces, which not only sink down on the 
mussel beds themselves, but also at a small distance from them. 

If we compare « and +, where there is no influence of the 
mussel beds, it is obvious that the amount of organic material is 
much larger at x. On the other hand, the amount of material 
transported there is much smaller. To get a measure for the 
quantity of food the mussels can obtain we had to multiply the 
quantity of transported material and its percentage of organic 
matter. For the quantities we have relative figures only (table 2), 
and we can thus calculate only relative amounts for « and y. 
These are 161 for z and 1140 for y. As this is only a rough method 
all we can say is that the amounts compare as 1 : 7. This would 
seem a very good reason why no mussels are found in the 
neighbourhood of «. 

Dopeson (I.c., p. 191) mentions that mussels did not open 
when the water was stagnant, but opened as soon as a current 
was set up. Though this is certainly not a rule (in fact, I never 
observed it myself) it may in the long run have some influence, 
and would be a further reason for the mussels not being able to 
live on the higher parts of the flats. 

The mussels which were put out on the higher parts in the 
beginning of July were still alive in September, but it was pos- 
sible that their condition had become worse. To get certainty on 
this point the quantity of their flesh was determined by a method 
introduced by HAVINGA (1922, p. 377), and the figure compared 
with that of mussels which had been left in their original place. 

HAvinGa, being interested in the amount of flesh per unity of total volume 
inside the shel!, should have determined the dry weight of the flesh and the 
weight of the shell contents, water included. For practical reasons he made 
use of other figures: the total weight of the living animal, the dry weight 
of the shell, and the weight of the flesh after 7 minutes boiling. By subtracting 
the weight of the shell from the total weight and dividing the weight of 
boiled flesh (instead of the dry weight) by this value, he got a measure 
for the water content of the animal. Havinca named the figure thus ob- 
tained the quality index. 

I determined the quality index as follows. Each mussel was 
taken from the water carefully and touched lightly so that it 
closed the shells gently. It was then dried with a cloth, weighed, 
and put in boiling water (tapwater) for 7 minutes. The animal 


152 D. J. KUENEN 


could then be easily removed from the shell, and was dried 
between filterpaper and pressed gently to get the water from 
between the contracted gills. It was then weighed again, the 
shell weight being determined also. 

Havinca found the lowest value in the former Zuiderzee, viz. 
a quality index of 0.125, the highest in the Waddenzee near the 
island Griend, with 0.45 as quality index. 

The quality index of the mussels from the Zuidwal appeared 
to be very low. The mean for 50 mussels from M was 0.221 
+ 0.0069 1). Apparently the circumstances were not very good. 
Those which had been at + for two months had as a mean 0.229 
+ 0.0069 (for 60 animals), so that they did not differ significantly 
from those from M, where they had been taken. For the mussels 
from a, however, the mean after two months was 0.138 + 0.0042 
(for 60 animals). Their condition was apparently very bad and 
the animals were on the verge of starvation. 

It would, besides, have been interesting to make accurate quan- 
titative determinations of the stomach contents. These were not 
made, but the following data show that there was a remarkable 
difference between the mussels from M and from «. The amounts 
of faeces + stomach contents were determined by putting them 
in filtered water after they had been cleaned thoroughly from 
the outside. They were left in this water until they produced no 
more faeces. It was not possible to separate the real faeces and 
the pseudofaeces from each other, but the difference between the 
two batches of mussels was so obvious that this did not seem 
to be necessary. Mussels from the natural beds produced at 
least 4-5 times as much as those which were taken from a. 
In addition to this it was found that newly collected mussels 
from M often had some food in their stomach, while the mussels 
from « were always completely empty. 


We have thus found that the quantity of material suspended 
in the water at « is very low, and though the percentage of 
organic material is relatively high, the total amount of organic 
material is about one seventh of that farther out on the flats. 
We have further seen that the quality index of the mussels which 
had been at « for two months was very low as compared with 
those at M, where they were taken from. The mussels at « 


1) The mean square error, calculated with the formula S = |r i = 
n (n-1 
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further had empty stomachs and gave off very small quantities 
of faeces and pseudofaeces. From all these data I think it may 
be concluded that the mussels on the higher part of the flats have 
insufficient food at their disposal, and that this is the reason why 
they do not occur there normally. This lack of food will probably 
be principally due to the weak currents, but it is impossible to 
say how much of it is due to the short duration of covering. 


CONCLUSION 


We should now try to form a picture of the conditions on the 
flats and see whether we can explain the distribution of the 
mussels by what we now know of the factors which influence 
them. 

The distribution itself has the following characteristic points. 
The mussels occur in great abundance on the dike and on the 
posts on the sandy parts of the flats. Besides, on the flats them- 
selves they chiefly occur in a long narrow strip, which lies at an 
approximately uniform level. Above this level we find the softer 
part of the flats, while below the bottom is hard and sandy. 

Current measurements showed that mussels occur at a cer- 
tain medium value of current figure, which expresses both the 
strength of the current and the period the currents run over a 
certain place. Experiments made it clear that the high velocity 
of the currents, which is associated with a high mean current 
figure, is the factor which makes life impossible on the outer 
parts of the flats. The currents sweep them away, unless they 
find a good substratum to fix themselves. Such a substratum is 
formed by the concrete posts and the stone dam. 

The reason why the mussels do not live on the higher parts of 
the sands is somewhat less simple to analyse. It is obvious that 
both weak currents and long exposure create unfavourable con- 
ditions, the softness of the substratum, associated with weak 
currents, being of little influence in this respect. 

- The deleterious influence of weak currents and long exposure 
probably is a combined one, involving several factors, but one 
of these seems to be by far the most important: the factor food. 

Desiccation, temperature and salinity may have some in- 
fluence, but their significance is certainly less than that of food. 
Determination of the oxygen consumption of mussels in flowing 
water, together with observations on the flats, do not make it 
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probable that want of oxygen can be of much influence in 
governing the limit of distribution towards the higher parts of 
the sands either. 

Food supply, however, is of prime importance. Determination 
of the amount of organic material suspended in the water showed 
that it was small in the higher and great in the lower parts of the 
flats (although the percentage of organic matter in the suspended 
material was much higher in the highest parts of the flats). 
Moreover, the small amount of faeces produced by the mussels 
from the higher parts and the empty stomachs of these animals 
showed their starving condition. There can be little doubt, 
therefore, that want of sufficient food is the most important 
limiting factor on the higher part. 

It was stated in the description of the flats that a sharp 
demarcation line marks the northeastern boundary of the mussel 
beds, whereas to the southwest the beds grow gradually smaller 
and a sharp line is absent. I think that the fact that mussels 
do not, as a rule, occur singly, but generally in beds, is an essen- 
tial point to be considered in trying to explain this obvious 
difference. The mussels fix themselves onto each other and in a 
body can stand the higher current better than alone. To the 
northeast of the beds, where the currents are strong, they will 
therefore either hold in a body or be all swept away; a gradual 
falling off in numbers would therefore be impossible. To the 
southwest of the beds, however, where there are no strong 
currents and the distribution is limited principally by a factor 
(or factors) associated with long periods of emergence and weak 
currents, this formation of beds has no influence and indeed 
we find a much more gradual decrease of the numbers as the 
severity of the conditions increases. 

The results are of interest not only for the distribution of the 
mussels on the flats in question, but also in connection with the 
distribution of mussels on other intertidal sandflats or even in the 
intertidal zone generally. The observations show that mussels 
cannot form beds on the intertidal flats when the currents are 
strong, unless there is a firm base. It follows from the investi- 
gations of WRAGE (1930, p. 95) and KREGER (1940, p. 184 and 
189) that a firm base on the flats is regularly furnished by dense 
patches of cockles. The reason why such extensive areas of the 
intertidal flats are devoid of mussels or at least of mussel beds 
is probably partly to be sought in the absence of such cockle 
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patches in these areas. The observations further show that the 
reason why the higher part of the intertidal zone generally is 
hardly inhabited by mussels is to be found in the shortage of 
suitable food. 


SUMMARY 


1. On a small intertidal sandflat area the distribution of 
Mytilus edulis is considered in detail. A description of the area and 
its mussel population is given. 

2. Dispersal of the larvae or distribution of enemies cannot 
explain this distribution of the mussel. General observations 
made it probable that the currents are of extreme importance. 

3. Currents were measured at different places every 15 
minutes throughout a whole period of covering. A mean is cal- 
culated, and for each place a certain value for this “current 
figure” can be given. It is dependent both on the strength and the 
duration of the currents and on the period of submersion. 

4. The results show that when the current figure is below a 
certain limit no mussels occur, and also that at a high current 
figure no mussels are found on the bare flats. 

5. By putting out mussels on the sandy parts of the flats, 
where the currents are strong, it was shown that they are swept 
away by the currents. Painted mussels were shown to be trans- 
ported over at least 400 m and some were still alive after one and 
a half months. 

6. Comparing mussels on eternite plates and on the bare sand 
showed that they can live quite well on these sandy parts if they 
find a suitable substratum. 

7. Experiments in the laboratory showed that mussels may 
sometimes be covered up for six days by a layer of sand without 
harm. If the layer of sand is less than 2 cm they may succeed 
in working themselves out. Covering up of the mussels by sand is, 
therefore, no important factor in limiting their distribution in the 
area studied. 

8. The general conclusion from these observations and ex- 
periments is that the mussels do not occur on the sandy parts 
of the flat, because there is no proper place for them to fix their 
byssus. 

g. In the laboratory it was shown that very soft mud furnished 
insufficient support for larger mussels, but after it had stood 
for some time it became firm enough. The substratum alone 
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cannot be the reason why the mussel does not live on the softer 
parts of the flats. 

10. From the low current figure it can only be concluded that 
either the long exposure or the weak currents create conditions 
unfavourable for the mussels. The absence of mussels may be 
either due to desiccation, extreme temperatures (both the result 
of long exposure) or to extreme salinities, want of oxygen or 
want of food (the result of either long exposure or weak currents). 

11. It is argued that neither desiccation or extreme tem- 
peratures, nor extreme salinities can be sufficient reason for the 
mussels not to occur on the higher parts of the flats. 

12. In experiments with running water it was shown that the 
amount of O, used by the mussel is not very great. In summer 
and by day the amount of oxygen in the water on the flats is 
very high. Moreover, after a period of emergence, the mussels 
soon catch up with their normal oxygen consumption, within one 
hour at the utmost. This makes it improbable that oxygen should 
be the limiting factor. 

13. The mussels laid down on the high parts of the flats 
were in very bad condition after two and a half months, as 
shown by the determination of the quality index according to 
HAVINGA. 

14. The relative amount of food at the disposal of the animals 
was estimated by taking the amounts of organic material sus- 
pended in the water to be proportional to it. The amount of 
material suspended in the water was indirectly measured by 
putting out glass jars on the flats. The amounts collected in these 
were very small on the higher and very large on the lower parts 
of the flats. Although the percentage of organic material, de- 
termined as loss on ignition, was larger in the higher parts of the 
flats the relative total amounts were about 7 times as great in 
the strong currents as in the high corner of the flats, where only 
very weak currents prevail. 

15. The mussels transplanted to a place high on the flats 
after some time produced very little faeces and never had any- 
thing in their stomachs. 

16. From these facts and from what is known about the food 
supply it is concluded that the chief reason why mussels do not 
occur in the high parts of the flats is lack of food. Other factors 


may help to kill off such animals as have been able to stand 
this strain the longest. 
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17. The results are of interest in connection with the dis- 
tribution of Mytilus on intertidal sandflats and even in the 
intertidal zone generally. Mussels cannot form beds on the in- 
tertidal flats when the currents are strong, unless there is a firm 
base. The higher part of the intertidal zone generally is hardly 
inhabited by mussels, chiefly because of the shortage of food. 
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APPENDIX 


After the manuscript of this paper had been finished the 
Zoological Station came into possession of an aerial photograph 
of the area studied. Moreover, in 1938, height measurements 
were made, thanks to the kind collaboration of Prof. Ir. W. 
SCHERMERHORN, by geodetical students of the Technical Uni- 
versity of Delft. On the accompanying map (fig. 18) the results 


Fig. 18. 


of these measurements are given relative to the Dutch datum 
level, Nauwkeurigheids Amsterdamsch Peil. The contour lines 
were drawn according to these measurements and observations 
made in loco and in accordance with the aerial photograph. As 
the points of measurements lie at considerable distance from 
each other only the contour lines with an interval of 25 cm could 
be drawn. Many details, therefore, do not appear in this map as, 
for instance, the creek running through the mussel beds near 
post Ag. All the same, through these data the morphology of the 
flats has become much clearer. In the principle points there is 
no difference from the general description of the flats as given 
on p. 118. In one respect, however, the new data are of great 
significance for the problem:under discussion. There is a-distinct 
ribbing of the flats, which is seen most clearly in the photo- 
graph. This ribbing extends approximately between the posts 
B4 and B8 and the Vangdam, the direction of the ridges and 
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channels being about NNW-SSE. How it originates I do not 
know. It is certain, however, although this was not noticed during 
the investigations, that it has a marked influence on the distri- 
bution of the mussels. Part of what is black in the map may 
not be mussel beds, but all the same it is clear that the 
mussel beds occur chiefly in the low channels between the ridges 
and that they are more or less absent on the ridges themselves. 

I do not know whether the correlation between the occurrence 
of the mussels and the morphological structure of the flats 
existed in 1935-37 also. It should be remarked that the distri- 
bution of the mussels on the aerial photograph of 1938 (fig. 18) 
is different from the distribution on my own map (fig. 1), a 
fact confirmed by observations in 1939. It seems very probable, 
however, that this correlation existed in 1935-37 as well. 

Though an explanation cannot be given off hand the pre- 
ference for the lower parts is apparent. Probably one of the fac- 
tors which has been discussed in this paper plays some part here, 
but this can only be made out by closer investigation. 

I can therefore do no more than draw attention to the fact 
that the contents of this paper only apply to the distribution 
in general and not to minor peculiarities. 
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I. INTRODUCTION 


This investigation deals with the changes in position and 
structure of the heart and arterial arches of Salamandra maculosa 
Laur. (S. salamandra L.) during metamorphosis. 

Publications on the changes in the heart and the arterial 
arches in larvae of Urodela during metamorphosis have only 
sparsely appeared. im 

Boas (1882) in his excellent work: “Uber den Conus arteriosus 
und die Arterienbogen der Amphibien”’ describes the changes 
in the structure of the arterial arches during the metamorphosis 
of four consecutive larval stages of Salamandra. *) 

Changes of these arterial arches in urodelan larvae have of 
late been described by McMutien (1938) for Desmognathus 
fuscus, Plethodon cinereus, Eurycea bislineata and Gyrinophilus por- 
phyniticus. 

LANGER (1894) studied the development of the bulbus cordis 
in two larvae of Salamandra maculosa (2.3 and 2.9 cm). 

GreIL (1903 A and B) examined the truncus in larvae of 
Salamandra atra from 6 mm onwards. 

HocuSsTETTER (1906) describes the development of the larval 
heart of Salamandra atra and gives reconstruction figures of larvae 
from 5.5-13 mm. 

As far as we know, the larval heart of Urodela was last 
examined by BENNINGHOFF (1922) especially in Triton alpestris. 
His investigations are mostly concerned with the origin of the 
auriculo-ventricular valves and the structure of the ventricular 
musculature. 

The heart of adult Urodela is better known (cf. K6rnEr, 1938, 
who describes the hearts of thirty-three species). 

The heart of the adult Salamandra maculosa especially has of 
late been described by ZiuicH (1930), Francts (S$. salamandra 
L.; 1934) and Kérner (1938). 

About the arterial arches of adult Salamandra we find important 
data in Boas (1882), Berucr (S. maculata; 1898), KOnicsTEIN 
(S. maculata; 1903) and Francis (S. salamandra L.; 1934). 


In connection with the remarkable development of this 


1) Where names of species or names of authors behind the specific name 


are omitted in the publications quoted, they have not been expressly stated 
by us. in this paper. 
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animal the investigation was extended to Ambystoma mexicanum 
Shaw 1) and after the descriptions concerning Salamandra macu- 
losa Laur. the differences with Ambystoma mexicanum Shaw will 
be described. 

Vague data relative to the heart of the axolotl are found in 
a (1851), Wyman (1854/56), Frirscu (1869) and Boas 

1883). 

KO6RNER (1938) gives more accurate and extensive data on 
the adult heart. 

Catori (1851) and Boas (1882) also give data about the 
arterial arches of these animals. 

In this survey of literature we also want to mention the hardly 
scientific publication by GitmoreE and FiccE (1929) on the heart 
and aortic arches of Ambystoma tigrinum, which animal is apparently 
regarded as identical with Ambystoma mexicanum Shaw by these 
authors. 


II. MATERIAL - TECHNIQUE 


The material of Salamandra maculosa Laur. for this investigation 
consisted of one batch of seventeen larvae grown by ourselves 
from parents obtained from Messrs. ScHoLzE & PéTzscHKE’s of 
Berlin. 

The animals were fed on Enchytraeid worms and killed in 
several stages of the metamorphosis by adding chloroform to a 
little water into which the animal was brought. 

One or two days before they were killed the animals were 
placed in surroundings free from sand in order to prevent the 
presence of sand in the alimentary tract when sectioning the 
material. 

FRANCIS (1934, p. 7) has the following remark about the meta- 
morphosis: “They grow slowly and attain a length of 55-65 mm 
in about 3-5 months, when they metamorphose and leave the 
water. The chief external changes noticeable just prior to meta- 
morphosis are the appearance of yellow pigment, the approach 
to adult coloration, and the dwindling of the external gills. The 
loss of the swimming membrane on the tail follows immediately, 
and the head assumes the adult shape through the advent of the 
paratoid glands’. | 


1) For systematics and nomenclature of the axolotl see WOLTERSTORFF 
(1930). 
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After these external characteristics the larval stages were ar- 
ranged as accurately as possible. In table I these larvae have 
been arranged in the order of the stage of the metamorphosis. In 
this table are also stated their age, length of body and length of 


tail. 
TABLE I 
Number | Age in | Length | Length | Stage of metamorphosis at the 
ofanimal| days of body | of tail time of killing 
inmm | inmm 
AR ee 
I I 23 II 
2 17 34 17 
3 33 36 18 
4 56 43 21 yellow pigment appearing slight- 
ly; tail and gills do not show any 
dwindling 
5 74 47 23 yellow pigment not yet definitely 
shaped; swimming membrane 
shows some dwindling; gills 
dwindling very little 
6 109 57 28 dwindling of swimming mem- 
brane clearer; gills dwindling 
strongly; pigment spots clearly 
present, however, not outlined 
7 125 60 26 shape of yellow pigment makes 
itself apparent; only rest of the 
swimming membrane present; 
gills still present, very much 
reduced 
8 102 61 26 wholly pigmented, however, not 
| definitely shaped everywhere; 
tail very flat; only slight rest of 
swimming membrane; _ gills 
dwindling to stumps 
‘9 109 60.5 25 idem 
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: Length | Length | 
REPS RES i chhedych oPtail 
ofanimal | days 


| inmm | inmm 
ne Eee 
LG ime LOD 54 25 no swimming membrane; tail 
flattened; slits not yet closed; 


| / short stumps of gills; wholly 
pigmented spots, rather clearly 


| Stage of metamorphosis at the 
| time of killing 


| shaped 

at | 102 51 22 idem 

ig) |) 423 65 22.5 pigment definitely shaped; slits 
| nearly closed; gill-stumps_re- 
duced to rests; tail flattened 

ey wag 57 21.5 idem 

Tin je) ctee 50.5 22 tail less flat; slits closed; pigment 
definitely shaped; gill-stumps 
| disappeared 
| 

15h) Pie 51 22 ali larval characteristics dis- 

appeared 
16 L2G | 454 19 idem 
Ee tr) SESAME AAO 19 idem 


The first symptom of metamorphosis — the appearance of 
yellow pigment spots — showed itself in one of the larvae (no 4) 
after 56 days already. The appearing pigment spots have at 
first very vague outlines and, in specimens of about ninety days 
only they are distinctly shaped. 

The first signs of the dwindling of the gills was seen in a larva 
of seventy-four days old, while at that time the swimming mem- 
brane too shows dwindling already (no 5). 

In some larvae (nos 14 and 15) the symptoms of metamor- 
phosis follow each other very quickly, so that after one hundred 
and two days already they had lost all larval characteristics. 

In other larvae the whole process of metamorphosis: lasted for 
a considerably longer time (nos 7, 12, and 13). As appears from 
figure 1, there is some relation between the age and the length 
of body. 
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One has the impression that during metamorphosis no 
longitudinal growth takes place. 

However, during metamorphosis a direct relation between 
the age or the length of body and the stage of metamorphosis 
reached cannot be shown (fig. 1). 

It is, however, evident that, when comparing the various 
stages of metamorphosis — especially where this comparison 
depends on internal dimensions, as size of the parts of the heart, 
diameter of the bloodvessels, etc. — we shall have to take into 
account the length of the body in the stages compared. 

For this investigation a segment of the body-situated between 
the front of the gills and the middle of the trunk—was cut out and 
fixed by means of alcohol of 96%. 

All this material was imbedded in paraffin and sectioned in 
transverse sections of 10 micra. 

The serial sections were all stained with Mallory’s con- 
nective tissue staining. 1) 


For purposes of comparison with these stages of development, 
but also in connection with the description of the adult heart in 
literature, also a few adult specimens of the same species, ob- 
tained from ScHoLzE & P6TZsSCHKE’s, were examined. 

Of two adult salamanders the heart in the pericardium was 
prepared separately, sectioned in paraffin and stained with 
Mallory’s connective tissue staining. 

Of three adult salamanders a segment of the body lying 
between the back of the skull and the middle of the trunk, was 
cut out and fixed in alcohol of 96%. In connection with the sizes 
of these objects, as well as in connection with a thorough in- 
vestigation into the structure of the septum atriorum, these 
animals were imbedded in celloidin, and stained with haema- 
toxylin-eosin. 

In table II a survey of these animals is given. 

The celloidin series fell out rather badly, and are only ex- 
ceptionally used for the investigation. 


For purposes of comparison with the stages of development of 
Salamandra maculosa Laur. a number of larval specimens, besides 


1) See Romeis, P., 1932. Taschenbuch der mikroskopischen Technik. 
13. Aufl., p. 414. 
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TABLE II 
| Medium | ; 
Object | Fixative of im- Staining | Direction a 
. : | | in micra 
| bedding | | 
| | | | 
heart | alc. 96%  paraffin' Mallory | transverse 15 
| . 
19 140 heart | alc. 96% | paraffin | Mallory | transverse | 15 
20 150 | segment | alc. 96% | celloidin | haematoxy- | transverse | 20630 
| | __ lin-eosin . 
21 | 146 | segment | alc. 96% | celloidin | haematoxy- | transverse 25 
| | | lin-eosin 
22 | 135 | segment | alc. 96% | celloidin | haematoxy-| transverse —_—_20 
| . lin-eosin 


some specimens artificially transformed, of Ambystoma mexicanum 
Shaw were examined. 

Some larger axolotls (nos 29, 30 and 34) were preserved in 
alcohol, one (no 35) was obtained living from the collection in 
the Zoological laboratory of Leyden University. 

The remaining adult animals were from Messrs. ScHoLzZE & 
P6rzscHKeE’s at Berlin. 

From eggs of these latter animals larvae were grown, four of 
which were treated in the same way as the larvae of Salamandra 
maculosa Laur. 

In some adult specimens of the animals obtained from Berlin 

_ the metamorphosis was artificially transformed by the addition 
of thyreoid powder to their food. This thyreoid powder was put 
at our disposal by N.V. Organon of Oss (Holland). 

After about six weeks the gills had wholly disappeared, the 
gill slits closed and the tail membrane reduced. Just before the 
adult stage is reached a typical skinning shows itself. 

Of the bigger axolotls either a segment or the heart free 
prepared in the pericard was fixed in alcohol of 96% or in 
Zenker’s fixative, imbedded in paraffin or celloidin, and stained 
with Mallory’s connective tissue staining or with haematoxylin- 
eosin. All this material was sectioned in transverse sections. 

In table III a survey of these series is given. The celloidin 
series turned out very unsatisfactory as almost always gas bubbles 
appeared to be present in the animals during sectioning. In con- 
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sequence of this it was not in all the series possible to use the blood- 
vessel system wholly for our investigation. 

In table III it is stated which part of the bloodvessel system of 
the various animals could be used for the investigation. 


Ill. THE HEART 


Shape and position of the heart 


Own investigation 


The parts of the heart in Salamandra maculosa Laur. — sinus 
venosus, atria, ventricle and bulbus cordis — are, already in the 
youngest larvae examined, situated in the same relative position 
as is the case with adult animals (fig. 2). In younger larvae, up 
to specimen no 4, these parts are situated not so compactly to 
each other as is the case with older larvae and adult animals. 


The sinus venosus lies with its 
caudal part to the left, with its 
cranial part to the left and dor- 
sally in respect of the ventricle. 
This cranial part lies also dor- 
sally to the caudal part of the 
auricles. In older larval specimens 
(after no 5) the sinus venosus 
reaches a more cranial point in 
respect of these atria. These atria 
lie with their caudal part to the 
left, with their cranial part in 
front of the ventricle. 

The bulbus cordis is adjacent 
to the right ventral wall of the 
atria. In older larvae this bulbus 
cordis has already sunk deeply 
into the right auricle. 

The heart of the young larvae 
lies very much headward under 


Fig. 2. Ventral view of a larval 
heart of Salamandra maculosa Laur. 
(no 4), graphic reconstruction. 
t.a., truncus arteriosus; b.c., bulbus 
cordis; v., ventricle; a., atria; 
S.V., sinus venosus; v.c.p., vena 
cava posterior. 


the hindmost part of the skull and Atlas vertebra. In older 
larvae and adult animals the heart is situated more tailward 
under the Atlas vertebra and the second and third vertebrae, and 
dorsally of the coracoids. We tried to get an impression of this 
caudal displacement by comparing the distances of some cardiac 
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points with respect to the backs of the occipital condyles. On the 
heart were taken the caudal edge of the auriculo-ventricular 
opening which is easily perceivable, and the apex of the ven- 
tricle. The situation of the latter point will depend on the systolic 
rhythm of the heart. In connection with the examination of the 
arterial arches—about which will be spoken later on—as one of 
these points the front of the bifurcation of the truncus arteriosus 
(bifurcation of the carotids) was chosen. 

‘The situation of these three points with respect to the occipital 
condyles was determined by counting the sections of known 
thickness between these condyles and the observation points. 

When determining the distances in micra by counting these 
sections a mistake may be made through the obliqueness of the 
series in lateral and dorso-ventral direction. The lateral oblique- 
ness is measurable by means of the occipital condyles, so that the 
mistake can be partly checked. The dorso-ventral obliqueness 
cannot be determined for want of comparable points in dorso- 
ventral direction. On account of this the distances measured with 
respect to the occipital condyles are only approximately right. 

If we want to compare these distances in different larval stages 
we shall also have to compare the distances between some in- 
ternal points in these different stages in connection with the bodily 
growth. In this connection we measured in each of the animals 
the distance between the two planes of the lateral edges of the 
occipital condyles and the average distance between the backs of 
the foramina nervi spinalis of the second, third, fourth and fifth 
vertebrae. 

In table IV these distances and measures are given. 

From the comparison of the graphic representations of these 
figures as shown in fig. 3 it appears that in the youngest larvae 
(nos 1, 2, 3) the heart shows a growth proportional to the parts 
of the skeleton. 

After specimen no 4 (nos 5 and 6) we find a great increase 
of the heart as well as of the skeleton, but the distance from the 
cranial point of the truncus to the occipital condyles remains the 
same, so that owing to growth a caudal displacement of the heart 
takes place. 

After specimen no 6 (stage during metamorphosis) the heart 
is shifted in caudal direction with respect to the skeleton. This 
displacement does not seem dependent on the stage of the meta- 
morphosis or the bodily growth. 
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This caudal movement of the heart also continues after meta- 
morphosis, so that in the adult animals the bifurcation of the 
front of the truncus arteriosus lies more caudally in respect to the 
occipital condyles (fig. 24). 


The shape of the heart in Ambystoma mexicanum Shaw generally 
corresponds with the situation in Salamandra maculosa Laur. 

In the youngest larvae the parts of the heart do not yet lie 
compactly in respect to each other; however, in the neotenic 
animals already the parts of the heart are situated much more 
closely to each other, so that here the shape of the heart is the 
same as in the transformed specimens. 

In connection with the fact that the complete heart could not 
always be used (and thus neither the caudal edge of the auriculo- 
ventricular opening nor the apex of the ventricle), the bifur- ~ 
cation of the truncus arteriosus was invariably chosen as point of 
comparison for the determination of the position of the heart to 
the occipital condyles. 

In very young larvae (nos 23, 24, 25 and 26) the heart also 
here undergoes an increase in comparison with the skeleton, so 
that only a seeming caudal movement takes place in these young 
larvae. 

Contrary to this the heart has also absolutely moved caudally 
in older larvae (nos 27 and 28). 

In the stages during metamorphosis this is still more in- 
tensively perceivable, while also here in the adult transformed 
animals the truncus arteriosus is situated caudally in respect to 
the occipital condyles (fig. 26). 

So contrary to the situation in Salamandra maculosa Laur. the 
absolute caudal movement begins here far before the appearance 
of the first phenomena of metamorphosis. 


Discussion 


HOocHSTETTER (1906) gives remarks about the changes in the 
position of the parts of the heart to each other in young larvae 
of Salamandra atra from 5.5-13 mm. In the older larvae of the 
specimens examined by us the changes as described by him con- 
tinue to some extent. 

GrEIL (1903 A) supposes a caudal movement of the heart in 
larvae of Salamandra atra from 6 to 10 mm. 

We found it in much bigger larvae of Salamandra maculosa Laur. 
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and Ambystoma mexicanum Shaw. However, it is not impossible 
that the caudal movement of the heart as described by us was 
preceded by a previous one. 

KG6RNER (1938) describes the heart of the only transformed 
axolotl examined by him as being smaller than the one of the 
two neotenic specimens. This statement we could not confirm, as 
this difference is hardly demonstrable. 


Sinus venosus 


Own investigation 


Already with the youngest of the larvae of Salamandra maculosa 
Laur. examined the sinus venosus has the typical shape which 
we also find in the adult animals. It consists of a conical bag, the 
caudal apex of which changes confluently into the vena cava 
posterior. With a very wide ostium the sinus venosus opens into 
the right atrium. The sinus is, especially in the younger specimens, 
triangular in the transverse section, so that one of the sides is 
dorsal. In‘older specimens this transverse section is oval, with its 
long axis horizontal. The caudal part of the sinus is always 
situated to the left, the cranial part to the left and dorsally in 
respect to the ventricle. The most cranial part is lying dorsally in 
respect to the caudal part of the auricles. With older animals the 
sinus is lying more cranially compared with the atria than in 
younger larvae. Into this anterior part enter the two ducts of 
Cuvier. In the youngest larvae the left duct of Cuvier is lying 
much more caudally than the right one; in older specimens the 
situation is reversed. Especially in the older specimens and in the 
adult animals this right duct of Cuvier is lying in about the same 
transverse plane as the ostium sinus venosi. Valves are not found 
in the openings of the ducts of Cuvier into the sinus venosus. 

The wall of the sinus is smooth in the younger larval specimens 
and contains an endothelium. On the inner wall of the sinus 
venosus of older larvae and adult animals no continual layer of 
endocardium was perceivable — contrary to the inner walls of the 
ventricle and bulbus cordis. The observation is very difficult 
owing to the sinus venosus being filled with bloodcorpuscles. The 
inner wall does, however, contain endocardium layers locally, 
about which we shall speak later on. In older larvae the wall con- 
tains a thin stratum of muscular elements arranged in transverse 
direction. Trabeculae on this inner wall are not found in the 
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Fig. 4. Transverse sections through the wall of the sinus of Salamandra 
maculosa Laur. 
A. Specimen no 7 (during metamorphosis). 
B. Adult animal. 
e., epicardium; m., myocardium; m.b., longitudinal muscular band. 


larvae. In the adult animals this stratum is thicker and consists 
of striped fibres, arranged transversely. On the inside of the 
stratum are found very few muscular bands, arranged longi- 
tudinally (fig. 4). The muscular elements on the sinus wall 
decrease in number in caudal direction. 

In the direct neighbourhood of the ostium sinus venosi in ol- 
der larvae and adult animals the muscular stratum (myocardium) 
is thicker than in the rest of the sinus venosus and forms a few 
muscular trabeculae, situated on the inner wall of the sinus 
venosus. This ostium is, in all animals examined, surrounded by 
an annular ridge on the internal wall of the heart, in which, 
especially in the caudal part, many muscular elements are lying. 
In respect to the two atria this opening lies in the caudal base — 
wholly to the left in the right atrium — directly beside the at- 
tachment of the septum atriorum in the atrium wall. 

On the dorsal wall of the sinus venosus is lying the vena pul- 
monalis. This vena pulmonalis is in older larvae much wider 
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ventral 


Imm 


Fig. 5. Transverse sections through a larval heart of Salamandra maculosa 
Laur. (no 2). 
1 to 8 = caudal to cranial. 
v., ventricle; s.v., sinus venosus; v.p., pulmonary vein; 1.d.C., left duct of 
Cuvier; r.d.C., right duct of Cuvier; r., ridge of the pulmonary vein; r.a., 
right atrium; l.a., left atrium; s., sinus flap; s.a., septum atriorum. 
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(fig. 5, 6, 7, 8) than in younger specimens. As regards its situation 
this vena pulmonalis runs, in all specimens, over the dorsal wall 
_ of the sinus from the right caudally to the left cranially and in 
the cranial part it has even sunk into this wall, and is lying in the 
inner layer of this dorsal sinus wall protruding into the cavity. 

The vena pulmonalis crosses along the inside of the dorsal 
wall of the ostium sinus venosi — in a few specimens over a short 
part of the dorsal wall of the right atrium — to touch the septum 
atriorum and to enter into the atrium sinistrum immediately to 
the left of the septum. 

The relation between this vena pulmonalis, the ostium sinus 

* venosi and the septum atrio- 

rum is, in our opinion, very 

sv important froma comparative 
anatomical point of view. 

In the younger specimens 
(nos 1 and 2) the vena pulmo- 
nalis doesnot touch the outside 
dorsat «OL the caudal part of the sinus. 

In a transverse plane with the 
opening of the left duct of 
tral Cuvier the vena pulmonalis 
Fig. 6. Transverse section through a sinks into the wall of the sinus, 
larval heart of Salamandra maculosa and liesinthecranial part over 
__ Laur. (no 5). a short length in a ridge, 
Vv. ventricle; S.V., SINUS VEnOSUS; T.a.; _ bordered by connective tissue 
right auricle; l.a., left auricle; s.a., . : 
septurn atriorum; v.p., pulmonary (endocardium), on the inner 
vein; c.r., cavity of the ridge; r.d.c., Wall of the sinus venosus. In 
right duct of Cuvier. the youngest larva this border 
is only very thin. This border 
of connective tissue lies for the greater part to the right of the vena 
pulmonalis. Following up the border from caudally to cranially, 
we find in the cranial sections a cavity to the right of the vena 
pulmonalis. In a transverse plane with the ostium sinus venosi 
the right wall of this cavity gets detached from the wall of the 
sinus, so that a flap of the connective tissue border round the 
vena pulmonalis protrudes in the ostium. Where the vena pul- 
monalis touches the septum atriorum this protruding flap is 
attached to the septum atriorum. Cranially the free end of this 
flap is for a short distance connected with the septum atriorum 
(fig. 5, no 8). 
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In specimens which are slightly 


sv Older (nos 3, 4, 5) the sinus venosus is 


lying more cranially as compared 
with the atria. The right part of the 
endocardium ridge of the vena pul- 
monalis is already in its caudal part 
hollow (fig. 6), and changes cranially 
into a short flap which extends farther 
into the heart cavity than in the 
younger specimens. Its caudal margin 
is for a greater distance attached to 
the septum atriorum. 

In one of these specimens this at- 
taching-part of the sinus flap stretches 
to the free margin of the septum 
atriorum. This free end is connected 
with the ventral auriculo-ventricular 
valve. This same relation was also 
found in some older larvae. 

These older larval specimens are 
difficult to arrange in a definite order 
from the point of view of the develop- 
ment of the peculiarities described 
above. In these older larval specimens 
the sinus venosus extends more cra- 
nially with respect to the atria. The 
opening of the right duct of Cuvier 
lies in about the same transverse 
plane as the ostium sinus venosi. These 
openings of the ducts of Cuvier are in 
these larvae lying completely in the 


Fig. 7. Transverse sections through a larval 
heart of Salamandra maculosa Laur. (no 8). 
1 to 5 = caudal to cranial. 

v., ventricle; s.v., sinus venosus; v.p., pul- 
monary vein; r., ridge of pulmonary vein; 
c.r., cavity of the ridge; r.d.C., right duct 
of Cuvier; r.a., right auricle; la., left 
auricle; s., sinus flap; s.a., septum atriorum; 
v.p.o., opening of the pulmonary vein into 
the left auricle. 
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cranial angles of the sinus venosus. In some of these larvae the 
_ border of connective tissue to the right of the vena pulmonalis has 
totally disappeared, so that the connection of the vena pul- 
monalis with the dorsal sinus wall seems smaller. Of course, in 
these specimens we find the cavity of this ridge left. The walls of 
the cavity contain fibres. In relatively more caudal sections than 


Fig. 8. Transverse sections through the heart 
of an adult Salamandra maculosa Laur. (no 18). 
I = caudal; 2 = cranial. 

v., ventricle; s.v., sinus venosus; r.a. right 
auricle; l.a., left auricle; s.a., septum atriorum; 
S., Sinus flap; v.p., pulmonary vein. 


in younger larvae the right wall of the cavity gets detached from 
the sinus wall. The resulting flap extends farther into the heart 
cavity and is lying even partly in front of the ostium sinus venosi 
(fig. 7, no 3). In one of the larvae (no 13) it lies even wholly in 
front of it. Whereas the connection of the flap with the vena pul- 
monalis has decreased, the ventral attaching-part of the sinus 
flap with the septum atriorum has grown much longer. 

In the adult animals we find the vena pulmonalis only in its 
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most cranial part situated in the wall of the sinus venosus. The 
connective tissue border is no longer present. The aperture of 
the right duct of Cuvier lies in the same place as described in the 
older larvae. The ostium sinus venosi is caudally covered by a 
flap which is over a great length connected with the septum 
atriorum. At its free margin this flap is thickened by connective 
tissue and muscle fibres (fig. 8). 

The cranial part of the flap attaches itself with its middle part 
to the wall of the vena pulmonalis, so that this cranial part in 
transverse section is separated into a left part and a right one 
(fig. 8, no 2). 

The smaller right part closes the right half of the ostium sinus 
venosi and alters cranially into the atrium wall. The greater 
left part lies in front of the left half of the ostium sinus venosi and 
is attached between the vena pulmonalis wall and the septum 
atriorum (fig. 8, no 2). 

This vena pulmonalis crosses the cranial wall of the ostium 
sinus venosi and enters into the left atrium beside the attaching 
point of the septum. 

From the relation described we may conclude that the sinus 
flap arises from the connective tissue ridge beside the vena 
pulmonalis as found in the larvae. 


The position of the sinus venosus in Ambystoma mexicanum 
Shaw corresponds with that of Salamandra maculosa Laur. 

In the young larvae the vena pulmonalis lies already in the 
most caudal part of the sinus venosus on the outer wall of the 
sinus venosus. Only in the cranial part of the sinus venosus the 
pulmonary vein lies on the inner wall of the sinus venosus. The 
vena pulmonalis is very narrow. Only in its most cranial part 
it has a slight connective tissue border. After specimen no 25 
we find in the larval specimens und in the transformed animals a 
slightly developed short sinus flap on the septum atriorum. 
Compared to Salamandra maculosa Laur. this flap is much shorter. 
This flap can be wholly absent in adult specimens of Ambystoma 
mexicanum Shaw (nos 36 and 38). 

As regards the structure of the sinus venosus the neotenic 
animals correspond with the transformed ones. 

The vena pulmonalis has become much wider in older animals, 
and is situated more caudally on the inner wall of the sinus 
venosus. 
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The longitudinal muscular bands on the inner wall of the 
sinus venosus seem to us to be present to a less extent than in 
Salamandra maculosa Laur. 


Discussion 

Data about the structure of the wall of the sinus venosus in 
Salamandra maculosa Laur. we find in BRUNER (1900) and FRANCIS 
(1934). BRUNER (1900) finds that the sinus venosus is provided 
with muscular walls. FRANcIs (1934) finds no striped muscle 
fibres in the sinus wall. In contrast with this we found that in the 
older larval specimens muscle fibres on the thin wall are present. 
In the adult forms these fibres are present to a greater extent and 
besides striped. It is even possible to find a slight structure of 
trabeculae by the presence of longitudinal muscular bands. 

The course of the vena pulmonalis from caudally right to 
cranially left, but also the tense contact of the cranial part in the 
wall of the sinus venosus we already find in BRUNER (1900), 
ZULLICH (1930), FRANCIS (1934) and K6RNER (1938). 

Whereas RésE (1890) describes the same relations in Sieboldia 
maxima (Cryptobranchus japonicus) and Siredon pisciformis (larva) he 
states for Salamandridae — of which he only examined one 
specimen of Triton cristatus and one larva of Salamandra maculata — 
that the vena pulmonalis has not grown together with the wall 
of the sinus venosus but runs freely across it. 

HocusTETTER (1906) describes the development of the heart 
of embryos of Salamandra atra from 5.5 mm onwards. In accord- 
ance with FrprRow (1910) he finds in very young urodelan 
embryos the vena pulmonalis entering the sinus venosus. Both of 
them point out the concurrence in the course and the ending of 
the vena pulmonalis of urodelan embryos and the similar 
relations as described by Rész (1890) and Boas (1880) for 
Dipnoi. 

None of these authors gives a description of the border of 
connective tissue, found by us in young larvae, round — but 
especially to the right of — the proximal part of the vena pul- 
monalis. 

FEDEROW (1910, p. 557) examining the development of the 
lung vein of young embryos of Rana temporaria (4. mm-=1 1.7 mm) 
and of Triton taeniatus (8.7 mm-14.6 mm), speaks of “eine Proli- 
feration des Endothels” in the dorsal wall of the sinus venosus. 
The relation of the vena pulmonalis he describes as follows: 
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“Ferner sieht man im Centrum der Proliferation die Vene in 
Form einer kleinen hohlen Ausstitlpung der endothelialen 
Sinuswand”. : 

Possibly this endocardium ridge may also be compared with the 
structure as described by RosE (1890) and Boas (1880 and 1883) 
in the heart of Dipnoi in connection with the initial stage of the 
septum atriorum. This same thought is in our opinion also 
present in BENNINGHOF?’s (1933, p. 489 and 490) description of 
the origin of the septum atriorum in Urodela: “Die ersten 
Stufen dieses Septums traten uns bei den Dipnoern (Ceratodus 
und Protopterus) entgegen, sie bestanden aus dem dorsalen 
Endokardwulst des Ohrkanals und der sogenannten Pulmonal- 
falte, die die Pulmonalismiindung rechts begrenzt und mit dem 
Endokardwulst verwachsen war. Diese Pulmonalfalte ist eine 
kurze trennende Wand zwischen Sinus- und Pulmonalismiindung, 
sie kann als eine Gefassporn aufgefasst werden, der durch die 
Verwachsung mit dem dorsalen Endokardwulst fixiert wird und 
den Wulst weiter erganzt.” 

From our description it appears that there is a strong relation 
between this ridge and the sinus flap, so that in our opinion this 
flap arises from scooping out and caudal lengthening of this 
ridge. Also in adult animals this valve is found attached to the 
vena pulmonalis wall so that it is cranially divided into a larger 
left part and a smaller right one, which parts are caudally 
connected with each other, so that one flap appears in front of 
the ostium sinus venosi. 

RésE (1890), in the forms examined by him — among which 
one larval Siredon pisciformis and one larva of Salamandra maculata — 
describes two valves, of which the left valve is slightly larger than 
the right one. In the adult animals of Salamandra maculosa the 
ostium sinus venosi should, according to BRUNER (1900), be 
closed by two valves, one of these valves being rudimentary or 
completely absent, the other reaching as a membrane up to the 
auriculo-ventricular opening. ZULLICH (1930) and FRANcIs 
(1934) describe the closing of the sinus by means of a side-flap 
of the septum atriorum. From their description it does not ap- 
pear, however, that they have made microscopic investigations 
of the closing of the sinus. 

Ko6rNER (1938) microscopically examined the hearts of two 
specimens of Salamandra maculosa and three specimens of Amby- 
stoma mexicanum. He finds, together with all the Urodela he 
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examined, — except the lungless salamanders and Proteus — this 
sinus closed by a large side-flap attached to the septum atriorum. 
For Ambystoma mexicanum K6rneER finds in one neotenic axolotl 
one very small sinus valve, in another a larger valve. 

In connection with our investigation it is of the greatest im- 
portance that BRUNER (1900) and KOrNER (1938) always find 
this sinus flap also attached to the vena pulmonalis wall. This 
relation K6rNER (1938, p. 150) describes as follows: “Die Vena 
pulmonalis tritt von kaudal und dorsal an den Sinus venosus 
heran, verlauft in der unteren und dorsalen Wand des Sinus 
aufwarts, und zieht schrag nach rechts kranial durch die Sinus- 
offnung zum linken Vorhof, indem sie die am dorsalen und 
dorsalen unteren Umfange der Sinusoffnung angeheftete Basis 
der Sinusklappe als Briicke benutzt.”’ 

In the literature we find only very vague references to the 
origin of the closing of the sinus in Urodela. HocustTEetTER (1906) 
only remarks that the development of the sinus valves of sala- 
manders happens in the same way as in Selachii, where be- 
tween the sinus wall and the atrium folds are formed that are the 
origin of the sinus valves. BENNINGHOFF (1933) says that in young 
larvae there are endocardium cushions on these folds. K6RNER 
(1938) finds in a Pleurodeles waltlii of 8 mm (just after meta- 
morphosis) a sinus valve lying only as a very short flap on the 
right side of the septum atriorum. 

A relation between this flap and the vena pulmonalis of this 
animal is, however, not described by K6rner in details. 


Atria 


Own investigation 


The atria in Salamandra maculosa Laur. are situated with their 
caudal parts to the left, with their middle parts to the left and 
dorsally, with their cranial parts a little to the right and cranially 
as regards the ventricle. The cranial apex of the atria is found in 
the youngest specimens near the alteration of the bulbus cordis 
into the truncus arteriosus. In older larvae and adult animals 
this apex extends a little more cranially than the point of tran- 
sition described above. 

The shape of the atria is strongly dependent on their being 
filled with blood or not. Thus the ventral right wall of the right 
atrium is in empty hearts pressed inwards by the bulbus cordis. 
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In filled hearts, also with adult animals, this inward curving is 
only slightly. noticeable. Both atria are funnel-shaped in the 
direction of the auriculo-ventricular opening. This auriculo- 
ventricular opening lies with respect to the longitudinal axis of 
the body slanting from right to left and also from cranially 
ventral to caudally dorsal. 

The atria are divided by the septum atriorum into a large right 
and a much smaller left atrium. This septum atriorum is in all 
series examined bulging into the left atrium. Its free margin 
is in an arched way stretched out across the auriculo-ventricular 
opening. The dorsal and ventral edges are attached to the dorsal 
and ventral auriculo-ventricular valves. In the caudal part of the 
right atrium beside the septum atriorum lies the ostium sinus 
venosi. Slightly more cranially lies the opening of the vena pul- 
monalis into the left atrium. Valves are not found in this latter 
opening. 

The walls of the atria are showing hardly any differentiation 
in our youngest specimens (nos 1-5). This wall possesses in the 
caudal part of the atria muscular fibres lying circularly around 
the auriculo-ventricular opening. In the rest of the atrium wall 
very few muscular fibres are differentiated in transverse direction 
(fig. 9, A). Only in the cranial part we find, besides non-differen- 
tiated cells, a few muscular bands protruding into the cavity of 
the atria. In older larvae (fig. 9, B) a transversal interior layer of 
muscular fibres has arisen, on which trabeculae appear — espe- 
cially in the cranial part — in the dorsal and right walls of the 
atrium. These trabeculae project already far into the atrium 
lumen and form a network on the atrium wall. As the larvae are 
growing older there appear on the caudal part, too, trabeculae 
on the inner wall of the atrium, which are on the whole arranged 
longitudinally. Only in the adult animals (fig. 9, C) we find these 
longitudinal bands on the left ventral wall of the atrium. In the 
direct neighbourhood of the auriculo-ventricular opening these 
bands are bent with the muscular ring of the auriculo-ventric- 
ular opening (Annulus atrioventricularis, BENNINGHOFF, 1922). 
In agreement with the observations on the wall of the sinus 
venosus, on the inner walls of the atria also no continual layer 
of endocardium was perceivable. 

The septum atriorum is attached to the dorsal left and ventral. 
right atrium walls. In the specimens before metamorphosis (nos 
1-5) the caudal part of the ventral septum attachment to the 
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atrium wall is provided with an endocard thickening, which dis- 
appears cranially and changes caudally gradually into the ventral 
auriculo-ventricular valve (fig. 5). In older larval specimens 


ra 


Fig. 10. Transverse sections through the 
the hearts of Salamandra maculosa Laur. 

A. Stage before metamorphosis (no 1). 

B. Stage during metamorphosis (no 7). 

C. Adult animal. 

v., ventricle; l.a., left atrium; r.a., right 
atrium; s.a., septum atriorum; r.d.C., right 
duct of Cuvier; v.p., pulmonary vein; 
r., ridge of the pulmonary vein; v.p.o., 
opening of the pulmonary vein into the left 
atrium; s.v., sinus venosus; b.c., bulbus 

cordis. 


only a rest of this ventral 
endocard thickening is 
found. The dorsal attach- 
ment of the septum atrio- 
rum, too, is connected 
with the dorsal auriculo- 
ventricular valve. Endo- 
card thickenings are not 
present at the caudal 
part of this dorsal septum 
attachment. This caudal 
part of the attachment 
of the septum atriorum 
to the dorsal left atrium 
wall extends along the 
left edge of the ostium 
sinus venosi (fig. 5 and 7). 

In our specimen no 1, 
cranially in respect to 
this ostium, we find the 
left part of the endocard 
ridge of the vena pul- 
monalis, which is very 
broad here, connected 
with the septum atriorum 
(fig. 10, A). The right part 
of the ridge bears the 
initial stage of the sinus 
valve. The left part of 
the endocard border en- 
ters cranially into relation 
with the septum atriorum. 
Following up this endo- 
card thickening there ap- 
pears cranially a cavity 
directed towards the left 
atrium. Into this cavity 
the vena  pulmonalis 
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enters. The wall of the lung vein then changes gradually into the 
septum atriorum. In this specimen the septum atriorum is for a 
long distance cranially, in respect to the opening of the vena pul- 
monalis, attached to the atrium wall by an endocard thickening. 

In somewhat older specimens (nos 2-5) we find the same rela- 


ventral 


Sa 


Fig. 11. Transverse section through the cranial 
part of the auricles. Salamandra maculosa Laur. 
(no 10). 

b.c., bulbus cordis; s.a., septum atriorum. 


tion of the peculiarities as described above. The hollowing out of 
the endocard thickening, caudally in respect to the vena pulmo- 
nalis opening, increases and the septum atriorum is cranially, 
in respect to the vena pulmonalis, not connected by an endocard 
attachment. 

In specimens older than no 5 the endocard thickening, con- 
nected with the vena pulmonalis and the septum atriorum, has 
all but disappeared (fig. 10, B). Cranially in respect to the ostium 
sinus venosi, we find in adult animals the septum atriorum 
bending funnel-shaped to the opening of the vena pulmonalis 
(fig. 10, C). From this description it is evident that the funnel- 
shaped narrowing of the left atrium to the vena pulmonalis 
opening arises from the disappearance of the endocard masses as 
found in younger larval specimens (before metamorphosis) cau- 
dally in respect to the vena pulmonalis opening. 

The structure of the septum atriorum undergoes some remark- 
able changes. This septum consists in the youngest specimen 
(no 1) in a layer of one or two cells’ thickness. In the cranial part 
there are some muscular fibres. In this specimen openings in this 
septum are only present in an extremely small number (this speci-_ 
men no I containing but three openings), lying especially in the 
cranial part. It is remarkable that these openings are situated in 
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the direct neighbourhood of the sparsely developed muscular 
fibres (fig. 9, A). 

In somewhat older specimens (nos 2-5) we find some more 
muscular fibres, especially in the cranial part of the septum, and 
here, too, we see only very few openings (fig. 9, B). In specimens 
older than no 5 the septum atriorum has the structure of that 
of the adult animals (fig. 9, C). It possesses a network of muscular 
bundles, most strongly in the cranial part. Between the small 
mazes a thin layer remains left. Especially in this cranial part we 
clearly find openings in the septum atriorum. These openings 
are, it is true, not numerous, but very clear and have different 
diameters. The placing of the openings is not the same in different 
specimens. Especially in the most cranial part of the septum the 
openings are very wide. Here the septum gradually changes into 
the musculature of the cranial atrium wall (fig. 11). As appears 
also from this description we can, when studying the septum 
atriorum in successive stages, hardly get away from the im- 
pression that there is a relation between the muscularisation and 
the perforation of the septum atriorum. 


In Ambystoma mexicanum Shaw, too, we find already in young 
larvae (nos 25 and 26) openings in a small number present in the 
septum atriorum. These openings are situated especially in the 
cranial part of the septum atriorum, in which also muscular 
elements are noticeable. 

In the neotenic and transformed animals the openings are 
present in a greater number, although in our opinion less than is 
the case in adult Salamandra maculosa Laur. 

The atria in neotenic animals correspond with the atria of the 
transformed animals in structure. 

In many specimens the septum atriorum is bent in front of the 
opening of the sinus venosus into the right atrium. 


Discussion 


The arrangement of the muscular bands on the inner wall of 
the atria of Salamandra maculosa Laur. as described by us, we also 
find for the same species in K6rNER (1938). KORNER, too, did not 
draw an endocardium layer on the inside of the atrium wall. Con- 
trary to FRANcIS (1934) we are of the opinion that no bulges 
(recesses) appear on the walls of the atria in contracted con- 
dition. 
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According to the investigation of HocusTETTER (1906) and 
BENNINGHOFF (1922), also stated by GRAHAM KERR (1919) the 
atrial septum arises as a ridge of endocardium which projects 
into the lumen from the cranial wall. The concave free edge of 
this grows towards the auriculo-ventricular opening, while its 
ventral base of attachment becomes continuous with the ventral 
auriculo-ventricular cushion, and its dorsal base of attachment 
becomes continuous with the dorsal auriculo-ventricular cushion. 
BENNINGHOFF (1933, Pp. 490) says of this septum atrium: “On- 
togenetisch entsteht das Septum als Endokardsichel, die ihre 
Fusspunkte in dem ventralen und dorsalen Endokardkissen hat 
und so entlang dem Dach des Vorhofs eine Verbindung zwischen 
den beiden Kissen herstellt. Diese Verbindung konnte entstehen, 
nachdem der besagte Gefassporn ein Stiick weit die Briicke ge- 
schlagen hatte.” 2) 

As appears from our description of Salamandra maculosa Laur. 
the vena pulmonalis ridge is connected with the septum atriorum 
and in older specimens the wall of the vena pulmonalis is partly 
concerned in the shaping of the septum atriorum. As has already 
been stated in the description of the sinus venosus, the sinus valve 
arises from the right part of the connective tissue ridge, while 
the left part leads to the shaping of the vena pulmonalis funnel. 
How far, however, this vena pulmonalis ridge forms a bridge at 
the shaping of the septum atriorum, as BENNINGHOFF writes, does 
not appear from literature, nor is it determinable from our speci- 
mens examined. 

According to HocusTeTTer (1906) and FEDEROw (1910) the 
lung vein in very young larvae enters into the sinus venosus. This 
opening shifts cranially. FEpERow (1910) found in larvae of 
Titton taeniatus this opening in the left auricle — while also the edge 
of the developing septum atriorum has then reached this opening. 
In consequence of FEDEROW’s investigation KéRNER (1938), too, 
surmises that the vena pulmonalis should be determinative for 
the origin of the caudal part of the septum atriorum; so that, 
when the lung vein is lacking, as is the case in lungless salaman- 
ders, this caudal part does not come to any development. 

According to Korner, then, the cranial part of the septum 
atriorum should be supplemented by the sinus valve. From our 


1) See quotation from BENNINGHOFF mentioned in the “Discussion” dealing 
with the sinus venosus. 
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investigation, however, it appears that this very sinus valve 
arises from the border of the vena pulmonalis, and that therefore 
this valve could probably not come to any development if in 
larval specimens the border of the vena pulmonalis should be 
lacking (which may be the case in larvae of lungless salamanders, 
although this has not yet been examined). 

In connection with this great doubt may arise whether Kér- 
NER’s statement about the structure of the septum atriorum in 
lungless salamanders is correct. 

The structure, especially the perforation of the septum atrio- 
rum, in adult Urodela, is very much disputed in literature. As to 
Salamandra maculosa LANGERHANS (1873), Boas (1883), BRUNER 
(1900), NoBLe (1925) and KérNER (1938) describe the septum 
as being more or less perforated with openings of various dia- 
meters. SABATIER (1873), ZULLICH (1930), and FRANCIS (1934) 
did not find any opening in this septum atriorum. In our opinion 
only microscopic observations of transverse sections can be 
conclusive for a decisive determination. In all the older animals 
examined of Salamandra maculosa Laur. openings of the same 
nature were clearly perceivable. 

Boas (1883) found small openings sparsely present in the 
septum atriorum of Szredon. KORNER (1938), too, found openings 
in the septum airiorum of neotenic Ambystoma mexicanum. 
In the same way we find openings in the septum atriorum of 
Ambystoma mexicanum Shaw, however, to a less extent than in 
Salamandra maculosa Laur. 

HocustTETTeER (1906) did not find any openings in the larval 
specimens of Salamandra atra which he examined, so that in litera- 
ture it is always supposed that they arise secondarily. This opinion 
we can fully confirm. NoBLE (1925) found the septum atriorum 
complete, without openings, in larvae of Amblystoma paroticum 
and Dicamptodon ensatus Eschscho'tz, but also (1925, p. 393) in the 
“recently metamorphosed Amblystoma tigrinum’. In the larval 
specimens of Salamandra maculosa Laur. and Ambystoma mexicanum 
Shaw as examined by us the perforation appears already before 
and during metamorphosis. In our opinion there is a direct 
relation between the muscularisation and the perforation of the 
septum atriorum. This opinion seems to be confirmed by NoBLE 
(1925), who in Rhyacotriton olympicus Gaige also found that the 
septum atriorum was greatly fenestrated, while also in these 
animals muscular bundles on the septum atriorum, as seen in 
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lunged salamanders, were proportionally larger, just as he found 
openings in the septum atriorum of Ambystoma tigrinum Green 
shortly after metamorphosis when the muscular fibres appear to 
group into bundles. 


Ventriculus 
Own.investigation 


Externally in a ventral view the ventricle has a conical shape, 
the top of which is situated caudally and slightly to the right 
of the median line. The cranial and left base of the ventricle is 
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Fig. 12. Transverse section through a larval heart of Salamandra maculosa 
Laur. (no 1). 
v., ventricle; s.c., sulcus coronarius; a.v.r., auriculo-ventricular ring; d.v., 
dorsal valve; v.v., ventral valve; l.a., left atrium; s.a. septum atriorum; 
S.V., sinus venosus; v.p., pulmonary vein; r., ridge of the pulmonary vein; 
r.d.C., right duct of Cuvier; v.c., vena cordis. 


ovally-shaped and is lying in the animal slanting from right 
cranially to left caudally, but also slightly from cranial dorsally 
to caudal ventrally. In the ventral part of this base is lying the 
ostium atrio-ventriculare. This ostium is overarched by the edges 
of the ventricle, so that the atrium seems to have sunk into the 
ventricle. On the borderline of the atrium and ventricle a deep 
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furrow is formed, called the sulcus coronarius (sulcus atrio- 
ventricularis). In the right part of the ventricle, cranially to the 
ostium atrio-ventriculare the bulbus cordis arises. 

This external shape undergoes few changes during the develop- 
ment. The apex is in the youngest specimen examined still very 
blunt and becomes sharper with the growing older of the animals. 
The cranial ostium ventriculare bulbi (ostium arteriosum) lies 
in the youngest larvae dorsally and to the right of the ostium 
atrio-ventriculare. 

In older larvae than specimen no 5 this latter ostium lies more 
cranially but at the same time much less dorsally from the ostium 
atrio-ventriculare. 

So we see that in general the increase of the ventricle as com- 
pared with the other parts of the heart takes place by an in- 
crease of its longitudinal axis, while this axis, which in young 
specimens is slanting from cranial dorsally to caudal ventrally, 
obtains a smaller slope. 

The change of the atrium wall into that of the ventricle has 
already been partly described with the atria. The muscular 
bundles of the atrium wall are arranged in a circular way around 
the ostium atrio-ventriculare. In the direction of the ventricle 
this wall grows thinner and round the ostium it forms a fold, the 
caudal wall of which changes into the wall of the ventricle (fig. 
12 and 13). The furrow of the sulcus coronarius is deep and 
filled with epicardial connective tissue. 

In the auriculo-ventricular opening three valves are generally 
present, arranged with their bases of attachment against the atrio- 
ventricular ring. In the youngest specimen already we find one 
large dorsal valve, one great ventral valve and a much smaller 
right lateral valve (fig. 12). In the youngest larvae the dorsal and 
right lateral valves posses a very thick endocardial attachment, 
so that their hollowness is ozly very slightly developed. The 
endocardial attachment edges of the valves are connected with 
each other by a very thin endocard layer. The valves have an 
arching surface directed to the atria and are scooped out on the 
underside directed to the ventricle, especially in the older 
animals. 

By thin endocardial fibres, the chordae tendineae, this in- 
side directed to the ventricle is connected with the fold of the 
atrium wall and the longitudinal ventricle trabeculae. The 
structure of the valves and of the chordae tendineae, which in 
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the young specimens consists in a homogeneous connective tissue, 
becomes fibrous in the older animals. We cannot discover any 
muscular elements in this structure. The dorsal and ventral valves 
are in a few larvae connected by a small endocard ridge at the 
left lateral ostium edge. In the adult animals this ridge is more 
strongly developed and can, by containing a small hollowness 
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Fig. 13. Transverse section through the heart of adult Salamandra maculosa 
Laur. 


v., ventricle; s.c., sulcus coronarius; a.v.r., auriculo-ventricular ring; d.v., 
dorsal valve; v.v., ventral valve; l.a., left atrium; s.v., sinus venosus; v.p., 
pulmonary vein; p., pericardium. 


even take the structure of a left lateral valve. The cavity of the 
ventricle is, from the ostium atrio-ventriculare to the entrance 
of the bulbus cordis, more or less L-shaped. This space is sur- 
rounded by a spongy musculature, consisting of septa arranged 
chaotically and enclosing larger or smaller chambers (fig. 13). 
This spongy structure is developed most strongly in the apex 
of the ventricle and in the cranial part of the ventricle especially 
most strongly on the ventral and ventrally right ventricle wall. 
This latter spongy structure, in the cranial part of the ventricle 
only, is in specimen no 1 only very feebly developed (fig. 12). In 
that specimen the musculature is not yet cross-striped (fig. 14, A). 
The septa change gradually into the ventricle wall (corticalis). 

This ventricle wall consists in younger animals of a very thin 
epicardial layer, connected with the myocardium, into which the 
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Fig. 14. Transverse sections through the wall of the ventricle of Salamandra 
maculosa Laur. 
A. Before metamorphosis (no 1). 
B. During metamorphosis (no 8). 
C. Adult animal. 
e., epicardium; end., endocardium; m., myocardium. 
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fibres of the septa bend (fig. 14, A). In the older animals the 
compactness of the myocardium increases and the fibres are 
cross-striped, so that in the adult animal a rather strong compact 
layer of muscular fibres is lying in the wall of the ventricle. Going 
on to the inside this compactness decreases and continues in that 
of the septa. In these adult animals there are on the ventricle 
wall numerous smaller muscular bundles arranged beside larger 
septa (fig. 14, CG). In many places the spongy wall of the ven- 
tricle is covered with a very thin endocard layer without this 
layer proceeding over the whole of the wall. 

A definite order of the septa and fibres is in our opinion very 
difficult to perceive. The muscular trabeculae bordering on the 
central cavity are a bit thicker and are, especially in the cranial 
part of the ventricle, cn the ventral and dorsal sides, directed 
towards the ostium atrio-ventriculare. Some trabeculae round 
the central cavity are also directed towards the ostium arteriosum 
and bend into the circular musculature of the bulbus cordis. 

Information regarding the vena cordis will be supplied in a 
later chapter. 


Generally the ventricle in Ambystoma mexicanum Shaw seems 
to be less provided with muscular trabeculae and slightly smaller 
in respect to the atria than is the case in Salamandra maculosa Laur. 

In the young larvae the ventricle is surrounded by a remarka- 
bly thick epicardium layer, which in neotenic animals is still 
present, be it in a smaller degree, especially on the right cranial 
and on the ventral wall of the ventricle. 

Of the transformed animals, no 34 possesses a thin layer of 
epicardium; in both other specimens examined by us it is, how- 
ever, only extremely thin. 

For the rest the structure of the ventricle of the neotenic 
animals corresponds with that of the transformed animals. 

In all animals the atrio-ventricular opening is provided with a 
large dorsal valve and a large ventral one. Nearly always we 
find a little developed endocardium ridge to the right laterally 
of these valves. In a few cases a small left lateral ridge may be 
found (nos 26 and 30). 


Discussion 


Owing to the extensive investigation by BENNINGHOFF (1922) 
the development of the ventricle musculature and of the ven- 
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tricular valves in Triton alpestris is accurately known. He de- 
scribes (1922, p. 409) this development of the musculature as 
follows: “Die in der Fortsetzung des A-V-Ringes liegenden zen- 
tralen Kammertrabekel bilden sich aus leistenformigen Er- 
hebungen des noch einheitlichen Myokards, die in ihrer ur- 
spriinglichen Lage verharren, wahrend sich von ihnen eine 
kontinuierliche Aussenschicht, die Corticalis, peripherwarts ab- 
hebt. Diese lasst von ihrer Innenflache aus ein Netzwerk von 
Trabekeln entstehen und gestaltet so den inneren Aufbau und 
die aussere Form der Kammer.” To this investigation into 
larvae of 4-24.2 mm we can add only very little, as our youngest 
larvae have a length of 23 mm. In Salamandra maculosa Laur. the 
trabeculae of the central cavity are, in our opinion, present to a 
much smaller extent and only to be shown in the cranial part of 
the ventricle. 

The ventral and dorsal atrio-ventricular valves arise, according 
to BENNINGHOFF, by the scooping out of the dorsal and ventral 
atrio-ventricular cushions. The right lateral valve is in his 
opinion formed later than the two large endocard cushions. 
According to our investigation of Salamandra maculosa Laur., in 
older larval specimens and adult animals a smaller left lateral 
valve can come to development. 

About the ventricle and the atrio-ventricular valves of adult 
Salamandra maculosa Laur. we have more data in literature. Boas 
(1883) and BruNER (1900) describe in the ostium atrio-ven- 
triculare of this species only two valves. BENNINGHOFF (1922) 
examined also adult specimens of Salamandra maculosa and 
describes beside a dorsal and a ventral valve also a small right 
lateral valve. On the left edge BENNINGHOFF describes a narrow 
edge of connective tissue connecting the bases of attachment of 
the dorsal and ventral valves. ZitiicuH (1930) finds besides the 
dorsal and ventral valves two lateral endocard ridges to the left 
and right of the ostium atrio-ventriculare. 

Contrary to the above, FRANcIs’s description (1934, p. 188) of 
Salamandra salamandra L. is very remarkable indeed: “in the 
specimen modelled, there is a hint of a double nature in this 
opening, since at its left end there is a shorter pair of valves 
partially separated from the main large pair by a fold.” KOrNER 
(1938) on the other hand describes a small lateral valve and on 
the left side a slight endocardial ridge in the atrio-ventricular 
opening of Salamandra maculosa. 


a 
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In consequence of our investigation and the data of literature 
we dare to conclude that in Salamandra maculosa Laur. there are 
as a rule present a larger dorsal valve and a larger ventral one 
and a smaller right lateral valve. A fourth, left lateral valve may 
come to development, or is else present as an endocardial ridge 
in adult animals. 

Boas (1883) describes for Szredon the presence of a large dorsal 
valve and a large ventral one in the atrio-ventricular opening. 
K6rNER (1938) finds in one neotenic specimen of Ambystoma 
mexicanum and one transformed specimen a large left dorsal 
valve, a large right ventral valve and a smaller right dorsal one. 
Moreover, however, there is always a small ridge to the left 
ventrally. 

For Ambystoma mexicanum Shaw we generally find a large 
dorsal valve and a large ventral one, and a small right lateral 
valve usually not containing a hollowness. Very seldom we 
found the fourth left lateral ridge to be present. 

In Salamandra perspicillata (Corps, 1924) and Cryptobranchus 
japonicus (OsAWA, 1902) muscular elements are described in the 
chordae tendineae. In Salamandra maculosa Laur. and Ambystoma 
mexicanum Shaw we cannot detect any, neither could BENNING- 
HOFF (1922). 

The arrangement of the musculature of the ventricle of 
Salamandra maculosa has already been fully described by ZituicH 

(1930). We are, however, of opinion that this musculature is not 
wholly covered by an endocardial layer, as he stated. 


Bulbus cordis 


Own investigation 


The bulbus cordis originates in the most cranial part of the 
ventricle, as has been described in the section dealing with the 
ventricle. Cranially in respect to the ostium arteriosum, in the 
caudal part of the bulbus cordis, this bulbus has a bend from 
caudally right and dorsal to cranially left and ventral. This bend 
is present already in the youngest specimen, but is also per- 
ceivable in all the younger larval specimens (fig. 15, no 3). Al- 
ready in the larval specimens during metamorphosis the curve 
of this bend is slighter. 

Cranially from this bend the bulbus cordis runs across thé 
right ventral wall of the atria slightly from caudally right to 
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Fig. 15. Transverse sections through the cranial part of the larval heart of 
Salamandra maculosa Laur. (no 1). 
1 to 7 = caudal to cranial. 
r.a., right atrium; l.a., left atrium; v., ventricle; b.c., bulbus cordis; c.v., 
caudal valves; b., bend in the caudal part of the bulbus cordis; v.1, v.2, 
V.3, V.4, cranial valves. 
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cranially left. Not only owing to this obliquity, but also through 
its real shape the sections of the bulbus cordis are ova] halfway 
the bulbus, its horizontal axis lying from dorsally right to ven- 
trally left. 

Especially in the younger larval specimens (nos 1-4) the 
cranial part of the bulbus cordis has a slight bend, so that its 
direction from caudally right to cranially left is changed into 
caudally to cranially (fig. 15). In this bend the bulbus cordis is 
at the same time narrowed and alters headwards into the truncus 
arteriosus. This latter bend, which is clearly developed in young 
larvae especially, is hardly present in older larvae and adult 
animals. The specimens nos 16 and 17, however, form an ex- 
ception; both of them clearly possess the bend described. 

In the caudal part of the bulbus cordis, at the alteration of 
the ventricle into the bulbus cordis, there are three pocket valves 
with their concavities cranially. Already in the youngest specimen 
examined these concavities are present (fig. 15, no 2), gradually 
growing larger in the older specimens (fig. 16, no 1). The valves 
are nearly always distributed on the inner wall of the bulbus cordis 
in the same manner. One large valve is dorsally and a bit to the 
right, another large valve extends on the left ventral wall of the 
bulbus cordis, while a third somewhat smaller valve is situated 
on the right ventral wall (fig. 15 and 16). 

Between the cranial bases of attachment of the two ventral 
valves there is mostly some space left, whereas the cranial 
bases of attachment of the dorsal and lateral valves are situated 
directly against each other (fig. 16, no 1). These last points of 
attachment are often covered with thicker endocardium layers, 
so that the valves are more or less connected with one another. 
This is especially the case between the dorsal and ventral left 
valves. 

Deviations from the situation described are more than once 
found. So e.g. the specimens nos 6 and 15 of the larvae and 18 
and 19 in the adult animals possess a fourth very small valve, 
situated between the dorsal and left ventral ones described 
above, where especially in the larvae thicker endocardium layers 
are found. By this increase in the number of valves the arrange- 
ment may change a little. 

The valves always possess a larger size laterally than in caudal- 
cranial direction. In young larval specimens the valves con- 
sist in a homogeneous mass of connective tissue, in which in older 
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Fig. 16. Transverse sections through the bulbus cordis of a larva of Salamandra 
maculosa Laur. (no 8). 
1 to 4 = caudal to cranial. 
r.a., right atrium; ep.; epicardium; l.r., longitudinal ridge; a.v., accessory 
valve; v.1, v.2, v.3, V.4, cranial valves. 
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larvae and in adult animals fibres appear. In older larvae and 
adult animals the cranial bases of attachment are very thin, or 
even reduced to some finer trabeculae only. Muscular elements 
are not present here. In some cases the trabeculae of two valves 
are connected with each other. Trabeculae from the concave 
walls of the valves to the bulbus wall are very rare and only 
present in the neighbourhood of the bases of attachment of the 
valves in adult animals. 

In the right part of the caudal wall of the bend of the bulbus 
we always find an endocardium thickening continuing cranially 
in the bulbus as a bridge between the dorsal left and ventral 
right bulbus walls (fig. 15, no 3 and 16, no 2). Some sections 
cranialwards from its caudal basis the right ventral attachment 
of this bridge detaches itself from the right ventral bulbus wall, 
so that slightly more cranially a ridge protrudes into the bulbus 
cavity, which is attached to the left dorsal wall of the bulbus. 
This is the so-called longitudinal ridge or spiral valve. In its 
course from tailward to headward the base of attachment of 
this ridge to the bulbus wall runs a little from dorsally left to 
dorsally, so that this line may be considered as the axis round 
which the bulbus is twisted. In general the height of the ridge 
declines from caudally to cranially, to increase again in its most 
cranial part. The average height of the ridge surpasses half of the 
diameter of the bulbus lumen. Its most cranial part is always 
provided with a much broader base of attachment than its 
caudal part. This cranial part is in the youngest larvae (nos 1 
and 2) wholly massive and does not possess a concavity (fig. 15, 
nos 5 and 6). In our specimen no 3 this concavity is present, 
so that in the successive stages it changes into the cranial bulbus 
valve called no 1 by most authors, which term we shall also 
adopt. 

In the youngest larval specimens (nos 1 and 2) there are in the 
cranial part of the bulbus cordis, besides the ridge described 
above, three other ridges arranged on the rest of the bulbus 
wall, which extend much less caudally (fig. 15 and 16). All the 
ridges fill up nearly the whole cranial part of the bulbus cavity. 
In specimens older than our specimen no 2 all these ridges 
obtain an excavation opening up cranially, which may have 
originated by scooping out, as in the young specimens the bulbus 
cordis was entirely filled up with these endocardium ridges. 

The general arrangement of these valves is as follows; valve 
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no I, the cranial continuance of the longitudinal ridge, is com- 
paratively very large and situated dorsally; valve no 2 is slightly 
smaller and extends to the left and a little dorsally; valve no 3 
is very large again and is arranged ventrally; the smaller valve 
no 4 is lying dorsally and a little to the right (fig. 15 and 16). 

These valves possess in general a larger caudally-cranial size 
than they do in lateral direction. In the younger specimens the 
valves are built up from homogeneous connective tissue. In 
older larvae and adult animals this connective tissue is provided 
with fibres. The cranial parts of the bases of attachment are very 
thin and even broken up into trabeculae.. 

In many cases the free margins of two adjacent valves are 
connected with each other by these trabeculae. For the rest, 
trabeculae from the inner walls of the valves to the bulbus wall 
are very rare. Muscular elements in this structure are not per- 
ceivable. In one of the adult specimens there is in valve no 4 
in its caudal base a couple of ball-shaped cartilaginous bodies. 
In another adult specimen (no 22) we find a ball-shaped car- 
tilaginous body in the caudal base of the longitudinal ridge. This 
cartilage always has a hyaline structure. 

To the regular arrangement of the cranial bulbus valves 
described above we find few exceptions only. It is true, we meet 
with remainders of valves in this part in the shape of endocar- 
dium knobs on the bulbus wall. So e.g. in specimens nos 8 and 
13 there is caudally to the basis of valve no 3 and not attached 
to it an endocardium thickening of the bulbus wall (fig. 16, 
no 3). This thickening has in specimen no 8 a small ball-shaped 
cartilaginous body. In one of the adult specimens (no 22) we 
find to the right of the caudal base of the longitudinal ridge an 
endocard thickening on the bulbus wall containing a small 
cartilaginous body. We find in. specimens nos 7 and g a small 
side-valve to valve no 4 arranged dorsally in respect to this valve 
and connected with it. Also we sometimes find in the cranial 
part of valve no 1 a side-valve lying dorsally and cranially con- 
nected with the excavation of valve no 1. 

In a great many larvae a second endocardium bridge is met 
with to the left of the caudal base of the longitudinal ridge be- 
tween the right ventral and left dorsal walls of the bulbus (fig. 
16, no 2). This bridge is cranially attached to the ventral right 
wall only, to disappear into it gradually in cranial direction. 

The bulbus wall clearly consists of three layers: the epicardium, 
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the myocardium and the endocardium. The epicardium layer is 
in the youngest specimens remarkably thick, especially on the 
ventral side of the caudal part of the bulbus: In these young 
larvae the myocardium consists in undifferentiated muscular 
elements. The inner wall of the bulbus, the endocardium, is, not 
counting the valves, clearly present as a continual layer, 
especially in the caudal part of the bulbus. This endocardium is 
least perceivable halfway the bulbus. In specimens older than 
our specimen no 3 the muscular fibres of the myocardium show 
cross-striping. In some of these specimens there are also per- 
ceivable small fissures between the fibres. In the older larvae and 
in adult animals the course of the muscular fibres is, in transverse 
sections only, difficult to follow. In the caudal part of the bulbus 
cordis, cranially to the ostium arteriosum, these fibres are ar- 
ranged circularly, which is also the case in the most cranial 
part of the bulbus. Halfway the bulbus the direction of the 
fibres is most difficult to perceive, partly because of the presence 
of the bend, partly owing to the course of the bulbus cordis. 
Halfway the bulbus there are certainly fibres present, which are 
circularly arranged round the bulbus cavity. Outside and inside 
this layer, however, there seem to us also longitudinal bands 
to be present. 

In the cranial part of the bulbus in older larvae and adult 
animals, cranially from the free margin of the cranial valves, 
there is a thin layer of smooth muscular fibres on the inner wall 
of the bulbus, separated from the cross-striped fibres of the 
outer wall by fibrous connective tissue. These smooth muscular 
fibres belong to the truncus arteriosus wall. Owing to the slight 
differentiation in young specimens the development of this rela- 
tion is difficult to perceive. When discussing the truncus arteri- 
osus we shall refer to this. 

In older larvae and adult animals the epicardium is less thick 
than in younger larvae. In these older specimens it contains 
in the caudal part of the bulbus bloodvessels entering into the 
myocardium and vascularizing the muscular mass slightly. We 
shall deal with this later on again. 


In the bulbus cordis of Ambystoma mexicanum Shaw the caudal 
bend is very little developed in the young larvae (nos 23, 24; 
25 and 26). In the neotenic animals and the transformed animals 
on the other hand the bend is much more clearly perceptible. So 
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this situation is the reverse of that in Salamandra maculosa Laur. 

The cranial bulbus bend on the change of the bulbus cordis into 
the truncus arteriosus is hardly perceivable in the younger larvae of 
Ambystoma mexicanum Shaw, but much more distinctly perceiva- 
ble in all older animals before and after metamorphosis. So this 
situation, too, appears to be the reverse of that of Salamandra 
maculosa Laur. 

In general three valves were found in the caudal part of the 
bulbus cordis, in about the same arrangement as in Salamandra 
maculosa Laur. Already in the young specimens these valves 
contain excavations. 

Some animals clearly possess four valves, and it is remarkably 
the young larval animals that show this relation. However, we 
do not presume this to be a larval characteristic. 

Also in no 27 a fourth endocardium knob is present between 
the two caudal valves on the ventral wall of the bulbus cordis. 
In no 30 we find a fourth small valve on the ventral wall. In 
these cases the valves do not lie on their normal places. 

As the caudal bend 1s very slightly developed the longitudinal 
ridge appears to arise from the left ventral bulbus wall in the 
young larvae. More cranially this ridge extends on the left and 
left dorsal walls of the bulbus cordis. In the neotenic and trans- 
formed animals the position of the longitudinal ridge is the same 
as in Salamandra maculosa Laur. 

In general the longitudinal ridge is broader and higher in 
transverse sections than in Salamandra maculosa Laur. 

Invariably four cranial valves are found in the bulbus cordis 
in the same arrangement as in Salamandra maculosa Laur. Al- 
ready in the youngest animal these valves contain excavations. 

In no 25 an endocardium cushion is present on the right wall 
of the bulbus cordis opposite the free margin of the longitudinal 
ridge. 

In nos 26 and 35 a small endocardium knob is found dorsally 
of the caudal part of the longitudinal ridge. In no 29 a small 
knob is present between valves nos 3 and 4. 

Cartilaginous bodies are not found in the cranial valves. 

The whole of the bulbus cordis, but especially its caudal part, 
is surrounded by thick epicard layers. This epicardium lies 
especially on the ventral wall of the bulbus cordis and extends 
also in older animals far cranially. 
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Discussion 

After Bricker (1852) and Lrypic (1853) it is especially Boas 
(1882), who has accurately examined this part of the heart, 
called by him conus arteriosus, in adult Salamandra. After Boas 
had stated the homology of this organ with the conus arteriosus 
(GrGENBAUR, 1866) of Ganoidae and Selachii the name bulbus 
cordis has been given to this part of the heart by LANGER (1894). 

LANGER (1894) examined two larval specimens of Salamandra 
maculosa of 2.2 and 2.9 cm. In later literature we find information 
about the bulbus cordis of adult Salamandra maculosa in BRUNER 
(1900), ZULLIcH (1930), Francis (1934) and KORNER (1938). 

Boas (1882) thought that the conus arteriosus of the Amphibia 
is to be derived from that of Ceratodus. This conus of Ceratodus is 
described by him (1882, p. 511) as follows: “Der Conus war 
spiralig gedreht and zwar so, dass die Achse der Spirale eine in 
der Wand des Conus liegende Linie war; die Achse war dann un- 
gefahr in ihrer Mitte wie geknickt, was natiirlich auch auf die 
Gestalt des ganzen Conus Einfluss hatte. Langs der Achse fanden 
wir im Conus eine Reihe von acht Klappen, von welchen die 
sechs hinteren stark ins Lumen einsprangen; die ganze Reihe 
nennen wir die Longitudinalfalte. Im vordern Ende des Conus 
fanden wir zwei Querreihen von Taschenklappen, vier in jeder; 
zwei dieser acht Klappen gehérten zugleich zur Longitudinal- 
falte. In der Mitte des Conus war eine Partie, an der keine Quer- 
reihen von Klappen sich fanden; im hinteren Ende desselben 
trafen wir wieder einige solche an.” 

Boas (1882, p. 489) describes the bulbus cordis of Salamandra 
as a “kurzes, spiraliges Rohr’. Beside the internal relation, which 
is to be discussed later on, Boas bases on the twisted shape the 
comparison of the conus arteriosus of Urodela with the conus of 
Ceratodus. Boas thinks it a difficulty in this comparison that the 
bend is lacking in the conus of Salamandra. As LANGER (1894) 
already describes, this bend is also present in the bulbus cordis 
of Salamandra larvae, and can be clearly seen in all the larvae of 
Salamandra maculosa Laur. which were examined by us, but 
especially in the youngest specimens. 

KO6rneR (1938) expresses the possibility that the spiral shape 
should have arisen secondarily, as in a newly metamorphosed 
specimen of Pleurodeles waltlii no spiral shape is present, whereas 
in the adult animals of this species a clear spiral occurs. Accord- 
ing to our investigation the twisted shape is more clearly per- 
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ceivable in the youngest larval specimens of Salamandra maculosa 
Laur. than in older larvae and adult animals. 

Although in young larvae of Ambystoma mexicanum Shaw the 
twisted shape is much less developed than in the neotenic and 
transformed animals, we are yet of opinion that this twisted 
shape is to be considered original, as it is visible in young larvae 
of Ambystoma mexicanum Shaw and clearly perceivable in the 
youngest larval specimens of Salamandra maculosa Laur. 

LANGER (1894) describes three endocardium ridges in the 
caudal part of the bulbus cordis in a larva of Salamandra maculosa 
of 2.3 cm. Only in a larva of 2.9 cm examined by him the dorsal 
and ventral left ridges possess an excavation. In the youngest 
larva examined by us (22 mm) all valves in the caudal part of 
the bulbus have already come to development. LANGER’s opinion 
that these valves originate by scooping out of the endocardium 
ridges we can support as far as it is perceivable and provable. 

The descriptions of the number and arrangement of the caudal 
bulbus valves in adult Salamandra maculosa Laur. are rather 
different in literature. Boas (1882) found three, sometimes four, 
valves. ZULLICH (1930) describes three caudal valves and points 
out that variance was not perceived by him. BRUNER’s (1900) and 
FRANCIs’s (1934) descriptions agree with this as to the number of 
valves found. K6RNER (1938) examined two specimens of Sala- 
mandra maculosa and describes four caudal valves. In connection 
with our own investigation and seeing the data of literature 
we dare to conclude that in Salamandra maculosa Laur. in general, 
the caudal part of the bulbus cordis is provided with a large 
dorsal right valve, a large ventral left valve and a slightly smaller 
ventral right valve. In the larvae and especially in the adult 
animals a smaller dorsal left valve may be found in the place 
where also thicker endocardium layers may be situated. ‘Through 
the development of this fourth valve the arrangement of the 
three first mentioned valves may undergo some change. 

For Siredon Boas (1882) found in the two specimens examined 
by him three or four valves in the caudal part of the bulbus 
cordis. In Amblystoma he found three valves in this part of the 
bulbus cordis. K6rNER (1938) gives for two specimens of the 
neotenic axolotl four valves in the caudal part of the bulbus 
cordis. In one of these specimens the right ventral valve was 
rudimentary. 

Generally we found three valves in the caudal part of the 
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bulbus cordis of Ambystoma mexicanum Shaw, although in young 
larvae a fourth valve was present. Yet we do not think this to be 
a larval characteristic. In adult animals a fourth valve may 
appear or be present as an endocard knob on the bulbus wall. 

Boas (1882) describes four cranial valves in the bulbus cordis, 
of Salamandra, of which no 1 changes caudally into the longi- 
tudinal ridge. He describes this (1882, p. 490) as follows: “Die 
Longitudinalfalte ... lauft an der dorsalen Wand des Conus 
von vorn rechts bis hinten links, ja sogar auf die ventrale Flache 
herum; ihre Anheftungslinie ist fast gerade, und bildet die Achse 
der Spirale.” This ventral attachment of the longitudinal ridge 
was never perceived by us and in our opinion the spiral course 
of this ridge is represented too strongly by Boas. 

LANGER (1894) describes four ridges in the cranial part of the 
bulbus in the larvae of Salamandra maculosa. Judging from his 
figures valve (ridge) no 1 has been placed too far to the right in 
the cranial part of the bulbus as compared with our data. Hereby 
this spiral valve seems to us to be represented too strongly 
spiral-shaped. WirTINGER (1937), too, represents the longitudinal 
ridge too spiral-shaped. 

In the larvae of Salamandra maculosa Laur. examined by us the 
excavations in these cranial ridges are present from specimen 
no 3 (36 mm) onward, while LANGER comes upon these ex- 
cavations in a larva of 2.9 cm already. 

BRUNER (1900), ZULLICH (1930), FRANCIS (1934) and K6RNER 
(1938) describe four valves in the cranial part of the bulbus in 
adult specimens of Salamandra maculosa. The arrangement of these 
valves is not always stated in the same way, which is quite com- 
prehensible seeing the subjectivity of the determination of place. 

In the cranial part of the bulbus cordis of Stredon and Ambly- 
stoma Boas (1882) found four valves of which no 2 was smaller. 
K6RNER (1938) describes for Ambystoma mexicanum the same 
arrangement of four cranial bulbus valves as we ourselves have 
done. 

KG6RNER (1938), however, describes for one specimen of Sala- 
mandra maculosa and for one specimen of Ambystoma mexicanum a 
connection of the caudal part of the longitudinal ridge with one 
of the ventral caudal bulbus valves, a connection nowhere seen 
by us neither mentioned in other literature. 

A minute description of the valves is found in Boas (1882) 
and ZULLICH (1930). From the descriptions of the cranial bulbus 
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valves of Salamandra maculosa by Boas and ZULiicH we get the 
impression, and from ZULiicu’s figures it is obvious, that these 
authors found cartilaginous bodies in each of the cranial bulbus 
valves. We found this cartilage only in two of the adult specimens 
of Salamandra maculosa Laur., in one case in valve no 1, in the 
other in valve no 4. K6RNER (1938), too, finds in other species of 
Urodela — Salamandra atra, Molge cristata and Molge pyrrhogastra — 
these bodies in the right valve. Also in Euproctus asper in the right 
and left valves, in Pleurodeles waltlii in the right, left and ventral 
valves and in Hynobius naevius in the spiral valve. K6RNER thinks 
that they occur mostly in the right valve. His surmise that this 
cartilage should be dependent on old age seems to us not cor- 
rect, as in larva no 8 examined by us this cartilage is already 
present, be it in a remainder of a valve. MAaTuMmoTo (1938), too, 
found this cartilage already present in the septum bulbi of two 
specimens of Hynobius leechit Boulenger —seven days and two weeks 
after metamorphosis respectively. 

In comparison with the conus of Ceratodus Boas (1882) says 
that in the conus of Salamandra only the most cranial and most 
caudal transverse rows of valves are left, while also the seven 
most cranial valves of the longitudinal row remain and grow 
together into one ridge. In Ceratodus there is in the same trans- 
verse plane as the bend the third valve (counted from cra- 
nially; Boas, 1880) of the longitudinal row. Thus LANGER 
(1894) rightly pointed out that the longitudinal ridge of Sala- 
mandra maculosa only contains the three most cranial valves of 
the longitudinal row of Ceratodus. As has been described by us, 
the course of the longitudinal ridge is not so spiral-shaped over 
the bulbus wall as was described by Boas (1882) and LANGER 
(1894). We are of opinion that this agrees with the fact that this 
ridge only covers the three most cranial valves of the row. 

It is not impossible that the rests of valves in the cranial 
part of the bulbus, as described by us, are rests of the second 
transverse row of valves in the cranial part of the conus of 
Ceratodus. 

Nosie (1925) found accessory valves in Notophthalmus torosus, 
Korner (1938) found them in Aynobius keyserlingu, Molge 
vulgaris, Molge cristata, Pleurodeles poireti and Ambystoma mexicanum. 

The difference between the bulbus cordis (conus arteriosus) 
and a truncus arteriosus rests on a difference in wall structure, as 
has been pointed out first by Boas (1882). Boas (p. 490) describes 
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the fibres of the bulbus cordis as being “quergestreifte gewohnlich 
an beiden Enden zerkliiftete Muskelzellen”. The splitting of 
these muscular fibres could not be clearly seen by us. 

Already Grem (1903) and K6rNER (1938) describe on the 
inside of the cranial part of the bulbus a layer of smooth mus- 
cular fibres. Both describe the cross-striped muscular layer of the 
bulbus cordis extending over the outside of the truncus arte- 
riosus. This relation we shall discuss in the following chapter. 


IV. THE TRUNCUS ARTERIOSUS AND THE ARTERIAL ARCHES 
Truncus arteriosus 


Own investigation 


The bulbus cordis extends cranially into the truncus arteriosus. 
This truncus lies about caudo-cranially and rather in the median 
plane of the body. Caudally the cavity of the truncus consists 
of an undivided space, which is cranially divided into eight 
canals, the root-vessels of the arterial arches, by the appearance 
of septa in the cavity. The transverse section is in the caudal 
part of the truncus in general a little oval-shaped, the axis being 
horizontal. In its cranial part the transverse section is more 
triangular, one of its sides lying dorsally, especially because of 
the canals being arranged laterally and ventrally round a lymph 
heart (fig. 17). The truncus widens going from caudal to cranial 
direction. ‘The caudal part of the truncus splits into the arterial 
arches, each of which originates separately at the truncus. 

Whereas the entire truncus lies in the youngest larvae already 
within the pericardium, the arterial arches are situated outside 
the pericardium (fig. 17). Pericardium and lymph space will be 
dealt with in a separate chapter. 

As has been discussed in one of the foregoing parts, the truncus 
moves caudally during the development. It appeared from table 
IV and fig. 3 that the distance between the backs of the occipital 
condyles and the front of the bifurcation of the carotids during 
the development shown by specimens nos 1, 2 and 3 shows an 
increase in proportion to the growth of the body. During the 
development shown by specimens nos 4, 5 and 6 this distance 
shows no increase in respect of the growth of the body. In 
specimens older than no 6 a definite caudal movement is to 
be perceived. | 

The muscular layer of the bulbus cordis extends as a continuous 
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Transverse sections through the pericardium and the truncus 
arteriosus of a larva of Salamandra maculosa Laur. (no 1). 
1 to5 = caudal to cranial. 
p., pericardium cavity; M.r.a., musculus rectus abdominis; M.o.i., musculus 
obliquus internus; 1., lymphatic vessel; 1.h., lymph heart; c.a., carotid arch; 
s.a., systemic arch; A’.V, “third”’ arch; p.a., pulmonary arch; A.III, IV, 
V and VI, root-vessels of the arterial arches. 
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sheath over the whole of the truncus arteriosus (fig. 17, 18 and 
19). This sheath ends on the truncus wall on the plane of inter- 
section of the pericardium and the truncus wall (fig. 17, no 3). 
The epicardium of the bulbus cordis, too, extends as a thin layer 
over the outside of the above sheath. In the youngest specimens a 
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Fig. 18. Transverse sections through the 
truncus arteriosus of a young specimen of 
Salamandra maculosa Laur. (no. 14). 

1 = caudal; 2 = cranial. 

A.V and VI, root-vessels of the arterial arches; 
s.m.p., septum medianum pulmonale; s.a., 
septum accessorium; s.p., septum principale 
trunci; s.m.c., septum medianum caroticum; 
l.h., lymph heart; h.m., heart muscle sheath. 


differentiation in the fibres of this muscle sheath is not yet per- 
ceivable. In specimens older than no 3 the fibres show cross- 
striping. In older larvae the arrangement of these fibres in the 
caudal part of the truncus seems to us to be circular; in the 
cranial part the fibres are arranged from caudo-laterally left 
and right to cranially-dorsally and ventrally median. Especially 
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in the dorsal-median line of the truncus the fibres form a stronger 
muscular band. These dorsal and ventral truncus musculatures 
are cranially from the carotid bifurcation connected with each 
other. 

Within the sheath of cross-striped musculature lies the truncus 
arteriosus wall. In the youngest larvae this truncus wall consists of 
a layer of fibrous connective tissue lying directly against the 
cross-striped musculature, while within this fibrous connective 
tissue layer a homogencous layer of connective tissue is found 
(fig. 17). 

In consequence of this structure the whole the truncus wall 
is, cranially of the bulbus valves, much thicker than the wall 
of the bulbus cordis. Only in the older larvae and adult animals 
there are, cranially from the free margins of the bulbus valves, 
smooth muscular elements in the fibrous connective tissue layer. 
When the larvae grow older the homogeneous connective tissue 
layer gets much thinner and the truncus wall, in which smooth 
muscular fibres are clearly perceivable, is separated from the 
outer cross-striped muscular sheath by a meshy connective tissue 
(fig. 18 and 19). 

The unsplit truncus is already in the youngest larvae very 
short. Cranially there arises on its dorsal wall a ridge, the septum 
medianum (fig. 17). The end of this ridge, protruding into the 
truncus cavity, is strongly thickened in the larval specimens nos 
1-6 by homogeneous connective tissue (fig. 17). The fibrous 
connective tissue penetrates into the middle of the ridge. Follow- 
ing the margin of the ridge cranially the other septa appear in 
the truncus originating from the margin of the ridge and ex- 
tending till they reach the truncus wall. These septa are also in 
the youngest larvae covered with a thick homogeneous connect- 
ive tissue layer (fig. 17 and 18). Into this homogeneous connective 
tissue layer penetrates the fibrous layer. In older larvae and 
adult animals there appear in these septa smooth muscular 
fibres, while the homogeneous connective tissue has disappeared. 
These muscular fibres are in general arranged in two layers: 
one outer layer round the entire truncus wall and an inner 
one arranged round each of the cavities of the root-vessels (fig. 
19). The caudal extension of these septa is different. In general a 
horizontal wall extends most caudally — the septum principale 
trunci-—so that a dorsal and a ventral part can be distinguished 
in the truncus cavity. In all the specimens three septa extend in the 
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ventral truncus space slightly less caudally than the horizontal 
septum: one septum medianum caroticum, which divides this 
ventral space into a left half and a right one, and two septa 
attached to the right and left ventral-lateral truncus walls (septa 
carotico-aortica) (fig. 18 and 19). In adult animals the septum 


ventral 


Fig. 19. Transverse section through the truncus arteriosus of an adult 
Salamandra maculosa Laur. (no 18). 
A.III, IV, V and VI, root-vessels of the arterial arches; s.m.p., septum 
medianum pulmonale; s.a., septum accessorium; s.p., septum principale 
trunci; s.c.a., septum carotico-aorticum; s.m.c., septum medianum caroticum; 
t., truncus wall; h.m., heart muscular sheath; m.c., meshy connective tissue; 
b.v., bloodvessel (artery); 1.h., lymph heart. 


medianum caroticum extends more caudally than the septa 
carotico-aortica. Hereby the ventral truncus cavity is divided into 
four root-vessels of the arterial arches (A. III, the root-vessels 
of the carotids and A. IV, the root-vessels of the aorta). In the 
dorsal part of the truncus arise two septa attached to the dorsal 
lateral truncus walls: the septa accessoria, so that here, too, four 
root-vessels of the arterial arches are formed (two median vessels of 
the pulmonalis, A. VI, and two lateral vessels of the arterial 
arches, A. V) (fig. 18 and 19). In the specimens nos 1 and 2 
these latter septa (s. accessoria) extend very little caudally 
(fig. 17). In older larvae and adult animals they extend much 
more caudally in respect to the other septa (fig. 18). From this it 
appears that the formation of these may take place through 
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caudal lengthening of the septa. In all specimens the septum 
accessorium is present. 

In some cases the arterial arches V are lacking (see “Arterial 
arches’). In all these cases, however, the root-vessels of these 
arches are present in the truncus arteriosus but end cranially 
blind. 

In the centre of the median septum ike the caudal base of 
the lymph heart, laterally and ventrally of which the root- 
vessels are arranged. The caudal base of the entire lymph heart 
is surrounded by the tissue of the truncus wall. In younger 
larvae the caudal base of the lymph heart seems less caudal in 
respect to the bifurcation point of the arterial arches than is the 
case in older larvae. In consequence of this the most cranial 
part of the truncus seems to us to have also arisen from the 
growing together of the arterial arches. In the caudal part of 
the truncus the septa seem to us to lengthen by caudal growth. 

The diameter of the vessels is very different. In young speci- 
mens the root-vessels of the pulmonalis are very narrow, growing 
much wider in older specimens (specimens older than no 6). 
In younger larvae the root-vessels of the arterial arches V are 
wider than those of arterial arches IV. In older larvae and adult 
animals these relations are reversed. 

In the dorsal wall of the truncus a bloodvessel is found in 
caudal-cranial direction in older larvae and adult animals, 
which will be discussed later on. 


The cavity of the truncus arteriosus in Ambystoma mexicanum 
Shaw is divided cranialward into six or eight canals (see “Ar- 
terial arches’’). In all specimens slightly more cranially of 
the free margins of the cranial bulbus valves a ridge is present 
on the dorsal wall of the truncus arteriosus. The free margin of 
this ridge is in the transverse section thickened in the shape of 
a bulb. 

Cranialward arise the truncus septa from this bulb-shaped 
ridge, so that usually first the septum medianum caroticum 
reaches the ventral wall of the truncus arteriosus. Slightly more 
cranially of this the septum carotico-aorticum reaches the lateral 
ventral wall of the truncus arteriosus. Again cranially of this 
the septum principale trunci reaches the lateral wall of the 
truncus arteriosus. Most cranially appears the septum acces- 
sorium. In the specimens nos 26, 31, 32, 33 and:38 this septum 
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is not present, and the truncus arteriosus has only six canals. 

In older animals this arrangement may be slightly modified 
by the septum principale trunci extending most caudally. 

The septa contain in the young larvae nos 25 and 26 a 
homogeneous connective tissue layer. The larvae nos 23 and 
24 have this to a much lesser extent. In the neotenic animals 
this connective tissue is still present in no 30. In the transformed 
animals the connective tissue has disappeared; the septa, how- 
ever, are much thicker than in Salamandra maculosa Laur. 

The diameter of the canals is very different. As a rule the root- 
vessels of the pulmonary arches are very narrow in young larvae 
and neotenic animals. The root-vessels of the “third” arches get 
thinner as compared with those of the systemic arches (A. IV) 
during development. 


Discussion 


In Ziiiicu’s (1930) description and figures of the truncus 
arteriosus in adult Salamandra maculosa the truncus in its external 
appearance shows a caudal undivided part, splitting up cranially 
into a left and a right truncus. This shape, representing the 
general situation in Anura, has never been perceived by us in 
Salamandra maculosa Laur. In none of the specimens examined 
by us, did we find a right and a left truncus externally separated 
from each other (see “Arterial arches’). 

About the building up of the truncus arteriosus there are two 
theories. According to Boas (1882) the unsplit cavity belongs 
to the part agreeing with the truncus of fishes, while the split 
part of the cavity is built up from the arterial arches grown 
together. This situation is the same as that of Ceratodus. By 
smooth muscular fibres the truncus is distinguished from the bulbus 
cordis, The outer cross-striped muscular sheath of the truncus Boas 
seems to have overlooked. Boas’s opinion about the building up 
of the truncus is also found in ZiLiicH (1930). 

According to Grem (1903 A and B), whose theory is confirmed 
by Hocusterrer (1906) and K6rner (1938), the distinction 
between an undivided and a divided truncus is not correct on 
principal grounds, but the divided part should have arisen from 
the caudal growth of the walls between the bifurcation points 
of the arterial arches into an originally wholly undivided truncus, 
Both theories seem to us difficult to prove. Our own research, 
too, seems to be not capable of doing so. Only the fact that the 
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caudal margins of the septa accessoria end more cranially in the 
younger specimens than in the older ones in respect to the other 
septa would be in favour of Gretw’s theory. 

The thickening of connective tissue on the septa as found by 
us in the larvae, was already described by Boas (1882) for Siren, 
Stredon and Amblystoma; by K6rNER (1938) for Ambystoma 
mexicanum (two of which non-metamorphosed, and one meta- 
morphosed), Ambystoma opacum, and for young specimens of 
Pleurodeles waltlit. 

Although in two very young larvae of Ambystoma mexicanum 
Shaw the tissue thickenings on the truncus septa are lacking, 
they are present in two less young larvae. In neotenic specimens 
the thickenings are slighter, although still present. In the trans- 
formed specimens the thickenings are almost completely lacking. 

Also judging from the fact that in Salamandra maculosa Laur. 
the young larvae possess these thickenings, whereas the adult 
specimens do not, these thickenings seem to us, contrary to 
Boas (1882), larval characteristics. 

The cross-striped layer of muscular fibres round the truncus 
arteriosus has first been described by Gremt (1903 A) in Sala- 
mandra atra. According to Greit this layer drives the lymph to 

_the lymph heart by systolic contraction. Without further ex- 
planation BENNINGHOFF (1933, p. 493) says: “Es ist aber offenbar 
die Herzmuskulatur am Trunkus des Salamanders dem Lymph- 
herzen zugeordnet und als eine besondere Spezialisierung auf- 
zufassen.” 

K6RNER (1938) found this layer of muscular fibres in all the 
Urodela he examined. For Proteus anguineus K6RNER does not 
find a lymph heart, but does find a cardiac layer of muscular 
fibres round the truncus. About the development of this layer 
Greit (1902 A, p. 104) writes as follows: “...ich (will) nur 
ganz kurz hervorheben, dass dieselbe zugleich und in continuo 
mit dem Myocard aus der Splanchnopleura hervorgeht, welche 
den gegen den Herzschlauch zu, also intrapericardial sich ver- 
langernden Truncus arteriosus ebenso umgibt, wie das Epithel- 
rohr des Herzens selbst’. Seeing these facts, but also seeing the 
importance from a point of view of comparative anatomy, it 
seems to us very desirable to subject the judging of this muscular 
layer to a more detailed examination. 

The caudal extension of the septa is by various authors 
represented differently for adult specimens of Salamandra maculosa 
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Laur. In all their data the dorsal part of the septum medianum 
pulmonale extends most caudally. Slightly less caudally extends 
the septum principale trunci (ZULLICH, 1930; FRANCIS, 1934; 
Boas, 1882 and present author). According to K6RNER (1938) 
and Francais (1934) the septum carotico-aorticum extends more 
caudally than the septum accessorium, whereas from our in- 
vestigation and from ZULLICH (1930) it appears that the septum 
accessorium extends more caudally than the septum carotico- 
aorticum. ; 

The terminology of the septa of the truncus arteriosus is rather 
divergent in the various authors. In table V the names of the 
septa as given by the authors are stated. 

Only Korner discusses the terminology of the other writers. 
When considering the names of the septa we started from the 
presumption that the name septum aortico-pulmonale is dis- 
putable. In Salamandra maculosa Laur. we always find dorsally 
of these two septa the truncus divided into two pairs of spaces: 
two median root-vessels of the pulmonalis and two others: the 
root-vessels of the arterial arches V, also called the “third” 
arterial arches. We cannot agree with GrReEIL’s (1903 A) mode 
of expression that all these vessels are to be considered as the 
root-vessels of the pulmonary arches, as the arterial arches V 
are connected with the arterial arches IV (the systemics) and are 
only by the ducti Botalli connected with the arterial arches VI 
(the pulmonary arches). This relation we shall discuss in the 
following chapter. Indeed there are several Urodela—cf. K6RNER 
(1938) —where the separation in root-vessels of the arterial 
arches V and VI is not found at all. For those cases, however, 
where the separation is found the name septum aortico-pulmo- 
nale for the septum between the root-vessels of the arterial 
arches IV and V seems to us to be confusing. We should prefer, 
in agreement with Anura, the name introduced for Urodela by 
ZULLICH (1930): septum principale trunci (without including 
herein the caudal part of the septum medianum as ZULLICH 
does). 

K6RNER (1938, p. 168) is of opinion that the whole of the 
septum medianum must be considered as a “ganz einheitliches 
Septum”, seeing the arrangement of its musculature and because 
according to GReEIL’s investigation, the septum medianum 
arises “als einheitliche, solide Wand.” 

However, although K6rNeER (1938) does not consider the 
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septum principale trunci als “einheitlich”, and therefore rejects 
the name of septum principale trunci, this wall is, according to 
GREIL’s investigation (1903 A, p. 99), in its caudal part also to 
be considered as an “einheitliche(s) Septum aorticopulmonale”’. 

Seeing the presence of the central lymph heart it seems to us 
hardly comprehensible how the authors can consider the septum 
medianum or the septum principale trunci as “einheitlich”’ both 
embryologically and seeing its musculature. Nevertheless, taking 
into account the position of the septa in the caudal part of the 
truncus arteriosus and in order to make the terminology agree 
with that of Rana (Gaupp, 1899), we think it best to maintain 
the name septum principale trunci. 

From the above the name septum accessorium seems to us 
to be correct, while the names septum medianum pulmonale 
and septum medianum caroticum are given by the authors in 
almost the same terminology. 

ZULLICH (1930) describes in Salamandra maculosa the dorsal 
truncus wall connected with the oesophagus by a cartilaginous 
mass. This relation we have not been able to discover. Probably 
ZULLICH means the cartilage of the laryngo-tracheal chamber 
(FRANCIS, 1934). 


Arterial arches 
Own investigation 


From the cranial part of the truncus arteriosus of Salamandra 
maculosa Laur. continue four pairs of arterial arches (fig. 20 and 
23). Sometimes in older adult animals the arterial arches V 
(also called the “third”? arches) may be missing on one or both 
sides of the truncus arteriosus (fig. 24). This relation will be dis- 
cussed later on in this chapter. | 

Most caudally and dorsally originate the pulmonary arches 
(A. VI). In cranial and ventral direction arise successively the 
“third” arches (A. V), the systemic arches (A. IV) and the 
carotid arches (A. III). Even in our youngest larvae there is not 
the slightest indication of the arches I and II. 

The bifurcation points of these successive pairs of arterial 
arches are lying in a plane placed caudo-dorsally to cranio- 
ventrally. Seen ventrally the median parts of the “third” arches 
(A. V) beside the truncus arteriosus partly cover those of the 
pulmonary arches in all the specimens, while at the same time the 
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Fig. 20. Graphic reconstruction of the arterial arches of a larva of Salamandra 
maculosa Laur. (no 1) before metamorphosis. 
b.c., backs of the occipital condyles; c.a., carotid arch; s.a., systemic arch; 
A.V., “third”? arch; p.a., pulmonary arch; c.e., arteria carotis externa; 
c.i1., arteria carotis interna; d.c., ductus caroticus; an., anastomosis; a.m.e., 
arteria maxillaris externa; |.a., lung artery; d.B., ductus Botalli; a., dorsal 
aorta; a.o. arteria occipitalis; a.v., arteria vertebralis collateralis. 
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like parts of the systemic arches (A. IV) partly cover those of 
the “third” arches (A. V), though to a less extent (fig. 20). In 
‘older larvae and adult animals the plane of the bifurcation points 
is directed more dorso-ventrally, so that the covering of the 
median parts is to a greater extent perceivable (fig. 23 and 24). 

The arterial arches undergo during the development some 
very important changes. In order to carefully study these changes 
during the development graphic reconstructions were made of the 
arterial arches of the larval specimens, in which drawings the 
plane of the backs of the occipital condyles was taken as point 
of comparison. For want of fixed points in dorso-ventral direction 
the dorso-ventral obliquity of the sections could not be corrected 
in the drawings, so that these reconstructions are only approxi- 
mately right. : 

In order to describe the changes of the arterial arches during 
the development, we shall first describe the arterial arches in 
the youngest larval specimen no 1 (fig. 20). 

Each of the arterial arches bends from the truncus arteriosus 
in lateral and caudal direction towards the cartilaginous bran- 
chial arches of the visceral skeleton, in fact to the cerato- 
branchials. In the laterally directed parts the carotid arches are 
bent slightly cranially, while especially the systemic and “third” 
and to a less extent also the pulmonary arches possess caudally 
directed bends. On reaching the cartilaginous cerato-branchials 
they run along the ventral margins of these cerato-branchials. 
(These cartilaginous arches are arranged from cranially median 
and ventral to caudally lateral and dorsal. On the ventral 
margins are the gill plates hanging in ventral direction. These 
gill plates alter into the gills in caudal direction.) 

On the boundary between the tissue round the cerato- 
branchials and the gill plates—thus ventrally in respect to the 
cartilaginous arches— are the bloodvessels mentioned above 
(fig. 21). Each of the arterial arches runs caudo-laterally into 
the gill plates and gills. The bloodyessels within the gill plates 
and within the gills have not been further examined by us. Among 
the arterial arches the pulmonary arches are very narrow (10 
micra), whereas the carotid arches are wider (40-50 micra); the 
systemic arches and the “third” arches having the largest 
diameter and agreeing with each other (60-70 micra). 

The gill veins coming from the gills are situated ventrally of the 
commissurae terminales of the cerato-branchials, and bend 
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medianwards at the caudal and median ends of the cerato- 
branchials. Caudally of the commissurae terminales there arises 
from each of the gill veins III a thinner branch running in 
ventral and cranial direction. This branch, the origin of the 
arteria Carotis externa, is situated along the median side of the 
cerato-branchial (fig. 21). This bloodvessel follows the cerato- 


dorsal 


ventral 


Fig. 21. Transverse section through the region 
of the cerato-branchials in a larva of Salamandra - 
maculosa Laur. before ‘metamorphosis (no 1). 
c.a., carotid arch; s.a.; systemic arch; A.V. 
“third’?, arch; p.a.,- pulmonary arch;. an., 
anastomosis; c.e., arteria carotis externa; C.i., 
arteria carotis interna; d.B., ductus Botalli; 
A.v.IV-V., junction 2s the gill veins IV and v. 


onc tee} entirely, to extend at the headward end of it in ee 
direction. Between this arteria carotis externa and the carotid 
arch we find some small anastomoses lying on the median side 
of the cerato-branchial, three on the left aud one on the right 
side of the animal. 

Gill vein IV bends in the same way from thie gil medianwards. 
Here, too, there arises caudally of the commissurae terminales 
a long thin branch in cranial and ventral direction, extending 
cranially on the ventral side of the cerato-branchial II (fig. 21). 
This bloodvessel is lying between the cerato-branchial and the 
systemic arch, into which it opens in cranial direction. In the 
space between the bloodvessel just described and the systemic 
arch there is a thin anastomosis on either side of the animal. 
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Gill vein V bends medianwards at the cranial end of the 
cerato-branchial III. Caudally of the commissurae terminales 
this vein, too, gives rise to a very short branch, which immediately 
grows together with the “third” arch. Between this small blood- 
vessel and the “third” arch no anastomosis is to be found. 

In our opinion there cannot be any question of a gill vein VI. 
Behind the caudal end of the cerato-branchial IV is a blood- 
vessel —a branch of the pulmonary arch — which is connected with 
the lung artery. This-lung artery runs in lateral and caudal 
direction to the lung; in cranial direction it extends as ductus 
Botalli, and is as such connected with the root-vessel of the dorsal 
aorta. Whereas the pulmonary arch is very thin (10 micra), the 
lung artery and the ductus Botalli are much wider (30 micra). 
The connection between the pulmonary arch, and the lung 
artery is of a small diameter (10 micra). 

The gill veins IV and V described above, as well as the ductus 
Botalli, are connected with one another in cranial direction. 
On the left side these three bloodvessels unite in the same place, 
on the right side the ductus Botalli first unites with gill vein V 
and these two unite with gill vein IV. In this way originate the 
dorsal aorta roots. These aorta roots bend medianwards to meet 
each other and form the dorsal aorta. 

Gill vein III runs parallel with the aorta root and extends 
cranially of the connection of gill vein IV with gill vein V 
headwards. It is the origin of the arteria carotis interna. By 
means of a bloodvessel, the ductus caroticus, this arteria carotis 
interna is connected with the aorta root. 

Just beside the connection of the ductus caroticus with the aorta 
root, and even connected with the ductus caroticus, arises a small 
bloodvessel directed cranially, the origin of the arteria maxillaris 
externa. 

In the neighbourhood of the median plane arises at the cranial 
part of the aorta root the arteria vertebralis collateralis. This 
bloodvessel bends dorsally across the aorta root to run in caudal 
direction. Connected with the arteria vertebralis (on the left 
side) or arising separately on the aorta root (on the right side) 
we find the origin of the arteria occipitalis running in cranial 
direction. 

In our study of the changes of these bloodvessels during 
metamorphosis we first tried to obtain an impression of the 
caudal movement which the arterial arches experience. 


225, 


ON THE HEART AND ARTERIAL ARCHES ETC. 


BANU UT S9DURISIP [Te 7 


-9}19A 9} Jo stjeutds 1AJOU BUTUTeIO; OY} 
| | JO syoeq dy} U9EMJOq VDULISIP B8eIBAY 


| 
} 


oLS 00g 029 019 014 064 | 069 | ogg | 094 | 069 | 069 | ooL | obg 066 | ogh oF | og& | A pue AI ‘III ‘II 222q 
| | | | | \ | | | 


| | | | | 

oSL oLlg | 02% 00% 01g o9€ | oLb ot 061 | oz | 09% | 016 | og 006 | 016 | oS oSZL | sopeydioo0 -puoo ay} jo saueyd jepneo 
| | | | ) ay} pue snsori9}1e snduNI} sy} Jo uOT}eO 

| . | ~ANgIq VY} JO JOT ay} UIeMJaq soUeISICT 


| | | | | 


| 


ozg o1g oLb ogh og SES og& | SS o1S| ogf | ogz | oS€ | Sub oLF | 06€ | 068 | oLz 


JOOI vjIOe [esIop 9y1 Jo yuTod [erues9 
jsour oy} pue sofeyidio00 ‘puood oy} 
jo soueyd yepnes oy} UsaMjaq 20UR}SICT 


| 
| | 


061 o1%)| ogz obb ogz o6€ o2€ | oz& | 098 obf 066 | 086 |ogt oS | O31) 0% Ol ( 8J001 BII0e 9Y} JO 
| | _ uorjounf ay} pue sayeztdio00 ‘puoo ay} 
| jo soueyd [epnes oy} Usamjoq JouRISICT 


z I [eurrue jo raquinny 


| 


i 


IA ATEVL 


226 H. J. J. TERHAL 


As was also stated above, the heart and also the truncus 
arteriosus move early already during metamorphosis in caudal 
direction. In order to ascertain whether and how far the arte- 
rial arches also experience this caudal movement we measured 
in the successive specimens — in the same way as described 
in the chapter dealing with the position of the heart — the dis- 
tances between the occipital condyles and the point of the junc- 
tion of the aorta roots lying caudally of the condyles, together 
with the distances between the caudal planes of the occipital 
condyles and the most cranial point of the dorsal aorta root lying 
cranially of the occipital condyles. These last figures were 
obtained by taking the average of the distances measured on 
the left and on the right in each animal. 

The distances measured are to a very small extent subject to. 
a mistake owing to the dorsal-ventral obliqueness of the sections, 
as the aorta roots are situated only slightly ventrally of the 
occipital condyles. 

In table VI these distances are given together with the figures. 
concerning the distances between the front of the truncus ar- 
teriosus and the backs of the occipital condyles, as given in table 
IV. In this table VI are also once more given the figures of the 
average distances between the backs of the foramina nervi 
spinalis of the second, third, fourth and fifth vertebrae. In fig. 22 
these figures are graphically represented. 

From a comparison of these distances it appears that the 
junction of the aorta roots also moves in a caudal direction. This: 
might partly be ascribed to growth, but it is as certain that this 
movement takes place by an absolute movement in a caudal 
direction, as the distances between the junction of the aorta 
roots and the occipital condyles get proportionally larger than 
only the skeleton growth could make us suppose. 

This movement appears to occur to a very great extent in 
the younger specimens (nos 1 to 6). However, it occurs toa much 
smaller extent than the caudal movement of the cranial point 
of the truncus, so that a hypothetical transverse plane con- 
taining the front of the truncus and the junction of the aorta 
roots, which plane, in the youngest specimens, is placed from 
cranio-ventrally to caudo-dorsally, is gradually placed more 
dorso-ventral (fig. 23). In the adult animals this plane slants 
just in the other direction from caudo-ventrally to cranio- 
dorsally, the front of the truncus being found further back from 
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the occipital condyles than the junction of the aorta roots (fig. 24). 

_ Difficult to represent in measures are the movements experi- 
enced by the arches between these two points. With the re- 
volving of the above plane the arterial arches lying more or less 
in it must generally follow this movement. From a study of the 
graphic reconstructions as compared with the situation of the 
occipital condyles it appears that these arterial arches, too, 
experience not only a relative caudal movement owing to the 
growth of the animal, but also an absolute caudal movement. 
This holds good especially in the case of the ventral arterial 
arches, in connection with the greater caudal movement of 
‘the truncus arteriosus. In this movement the ventral arterial 
arches at the same time draw closer to each other in caudal- 
cranial direction and the direction of these ventral parts of the 
arches becomes more transversal instead of median-cranial to 
lateral-caudal, as the lateral parts of the original arches move 
comparatively less caudally (fig. 20, 23 and 24). This movement 
is connected with the reduction of the cerato-branchials. In the 
case of the dorsal parts of the arterial arches the caudal move- 
ment of the aorta roots is more concerned with their junction 
than with the arches themselves. As appears from table VI the 
cranial points of the dorsal aorta roots undergo no — or, in the 
beginning of the metamorphosis only a small —caudal movement. 
In the older specimens these aorta roots take up a more cranial 
position again, partly perhaps because after a caudal movement 
they come to be situated more headwards by the growth of the 
animal, partly perhaps because the whole of the bloodvessel 
system has not experienced a caudal movement to such an 
extent as is the case with other animals (specimens nos 13, 16 
and 17). All the same in these three cases the above points are 
situated more cranially than the front of the truncus arteriosus, 
contrary to the younger larvae (fig. 22). 

The total length of the arches seems to us to increase less than 
the bodily growth during the development, so that a relative 
shortening of the arches takes place. While this holds good for 
the ventral parts of the arches, the dorsal parts seem to show 
no relative shortening, but a growth in proportion to the 
skeleton growth or even exceeding it (fig. 20, 23 and 24). All 
these changes are difficult to measure, owing to the bends of | 
the arches both in cranial and caudal, but especially in dorsal 
and ventral directions. 
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Simultaneously with the changes in the situation of the blood- 
vessels as described above, a change is perceived in the relations 
‘of diameter of the lumen of the bloodvessels under discussion, 
while together with the disappearance of gills and gill plates the 
bloodvessels belonging to them disappear. 

The changes in the relative width of the various bloodvessels 
are to be ascribed to the quicker or less quick increase in dia- 
meter during the growth. 

The increase in relative thickness holds especially good in the 
case of the long anastomoses between the systemic arch and the 
gill vein IV, and the short anastomoses between the “third” 
arterial arch and the gill vein V. As in older specimens these 
two anastomoses possess the same thickness as the arches be- 
longing to them, they make one continuative whole of the dorsal 
and ventral parts of the arches (fig. 20, 23 and 24). Whereas 
in our youngest specimens the systemic arches and the “third” 
arches are thickest, and thicker than the carotid arches, which, 
in their turn, are thicker than the pulmonary arches, it appears 
that during the development, before metamorphosis already 
(specimen no 5), the systemic arch prevails in diameter. At 
the same time the pulmonary arch increases in diameter in 
relation to the “third”? arch and will even surpass it in older 
larvae and adult animals, and will reach the same width as 
the carotid arch or even surpass it (fig. 20, 23 and 24). 

In all the young animals examined by us the “third” arch is 
present on either side. In the adult animals, on the contrary, 
we found only in two specimens the “third” arch bilaterally 
present (nos 18 and 20). In specimen no 19 the “third”? arch 
is only present on the left, and in no at only on the right side. 
In specimen no 22 the arch is missing on both sides, except for a 
small tube, ending blind, on the left side of the truncus arteriosus. 
As in the seventeen youngest specimens examined by us the 
“third” arches are present and are missing rather frequently 
in the older animals this disappearance must take place con- 
siderably after the end of the metamorphosis. Save the small 
tube in specimen no 22 no rests of the “third” arches are to 
be found in the adult animals. In all the cases where the “third” 
arch is missing the cavity of the root-vessel of the “third” arch 
is present in the truncus arteriosus, it ends, however, blind. 

The lateral part of the carotid arch in connection with the 
basal part of the arteria carotis externa arising on gill vein ITI 
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gives in the specimens after metamorphosis rise to the formation 
of the carotid labyrinth (carotid gland). Especially owing to 
this development the carotid arch undergoes a more relative 
shortening than the other arches. This development will be 
discussed separately in this paper. 

The part of the gill vein III, which later becomes the basal 
part of the arteria carotis interna follows in general the move- 
ment of the aorta root, while the basal part of the arteria carotis 
externa arising on gill vein III follows the caudal movement of 
the carotid arch, so that in adult animals, too, the basal part 
of the arteria carotis externa remains lying partly parallel to 
the carotid arch, and the basal part of the arteria carotis interna 
to the aorta root. 

While in all the young animals the arteria carotis interna 
remains connected with the aorta root by means of the ductus 
caroticus, neither this duct nor any rest of it is to be found in 
the adult animals, so that this connection disappears long after 
metamorphosis. 

The arteria maxillaris externa is in all the young specimens 
connected with the ductus caroticus, or can by means of a com- 
munal opening with the ductus caroticus open into the aorta 
root. However, as the ductus caroticus has disappeared in the 
adult animals the arteria maxillaris externa is here connected 
direct with the aorta root. 

Whereas the pulmonary arch grows thicker and obtains the 
same width as the lung artery, the diameter of the ductus 
Botalli decreases (fig. 23 and 24). In not one case is the ductus 
Botalli missing. Into the ductus Botalli open one or two smaller 
blood vessels. The ductus Botalli opens into the aorta root in 
about the same place as the “third” arch, although in a number 
of specimens the ductus Botalli opens first into the “third” arch 
and a little more cranially the latter opens into the aorta root. In 
a few specimens the ductus Botalli opens quite separately into 
the aorta root. A remarkable situation was found in specimen 
no 5, because here on both sides of the animal we found two 
ductus Botalli present, one of them opens into the aorta root, 
the other into the “third” arch. 

The arteria vertebralis collateralis and the arteria occipitalis 
cannot only separately, but in most cases by means of a com- 
munal opening, open into the aorta root. y 
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On both sides of the truncus arteriosus in Ambystoma mexicanum 
Shaw we invariably find four arterial arches. 

However, the situation was often such that the pulmonary 
arch arises from the inside of the proximal part of the “third” 
arch — exactly there where this leaves the truncus arteriosus 
(fig. 25). This is not only the case in one of the young larvae 
(no 26) but also in older animals (nos 31, 32 and 33) and in 
one transformed animal (no 38). So in these cases there are 
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Fig. 25. Transverse section through the truncus arteriosus of a larva of 
Ambystoma mexicanum Shaw (no 26). 

p.a., pulmonary arch; A.III, A.TV and A.V, root-vessels of the arterial arches 
l.h., central lymph heart; a., artery. 


only six root-vessels in the cranial part of the truncus arteriosus. 

In young larvae the bloodvessel complex is generally arranged 
and composed in the same way as in the young larvae of Sala- 
mandra maculosa Laur. . 

The pulmonary arches are very thin. The “third” arches are 
here already less wide than the systemic arches. Between the 
carotid arch and the arteria carotis externa we find numerous 
anastomoses. 

Gill vein V and the ductus Botalli unite and only much more 
cranially there follows the junction with gill vein IV, a situation 
found in all the other animals (fig. 26) and which is characteristic 
in relation to the situation in Salamandra maculosa Laur. 

* Already in these young larvae the ductus Botalli is a gradual 
connection of the lung artery with the gill vein V, into which a 
thinner connection with the pulmonary arch opens. 

The arteria carotis interna is in. the youngest specimens 
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Fig. 26. Graphic reconstructions of the arterial arches of Ambystoma mexicanum 
Shaw. 

A. Neotonic animal (no 28). 

B, Transformed animal (no 35). 
b.c., backs of the occipital condyles; c.a., carotid arch; s.a., systemic arch; 
A.V., “third”? arch; p.a., pulmonary arch; l.a., lung artery; c.e., arteria 
carotis externa; a.m.e., arteria maxillaris externa; c.i., arteria carotis interna; 
d.B., ductus Botalli; d.c., ductus caroticus; a.v., arteria vertebralis collateralis; 

a.o., arteria occipitalis. 
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examined by us connected with the aorta root by a very long 
ductus caroticus. The arteria maxillaris externa is first perceiva- 
ble as growing in specimen no 24. In older animals this vessel is 
much more clearly visible. In all the animals it opens out later- 
ally of the opening of the ductus caroticus into the aorta root 
(fig. 26). Only specimen no 25 forms an exception, as in the 
left part of the animal the arteria maxillaris externa arises on 
the vessel from gill vein V to the aorta root. 

The arteria vertebralis collateralis and the arteria occipitalis 
open out together into the aorta root in all larvae and adult 
animals (fig. 26). 

Whereas in the young larvae the truncus arteriosus and ventral 
arterial arches are situated far cranially of the occipital: con- 
dyles, the truncus arteriosus and ventral arterial arches have 
moved more caudally in the older neotenic animals. The 
truncus arteriosus lies in these animals in the same sections with 
the occipital condyles (fig. 26, A). The dorsal parts of the ar- 
terial arches on the other hand have remained in the same 
position as compared with the younger larvae. In these neotenic 
animals the composition of the bloodvessel system is fairly 


‘equal to that in young larvae. The pulmonary arches are here 


still very narrow. The lung artery is, here too, a gradual ex- 
tension of the ductus Botalli into which the very thin branch 


- of the pulmonary arch opens. 


Between the connection of the ductus Botalli and gill vein V and 
the junction of the latter with gill vein IV remain large distances. 
The ductus caroticus is much shorter (fig. 26) in these specimens 
than is the case in the younger larvae. 

During metamorphosis a further caudal movement of the 
ventral bloodvessel complex takes place, so that in the trans- 
formed animals this lies caudally of the occipital condyles and 
also caudally of the junction of the aorta roots. 

In the animals during metamorphosis the aorta roots show 
bends probably because a slight caudal movement of these roots 
also takes place. . 

In the transformed animals each of the arches forms one 
continuous whole, the lateral parts of which lie far caudally 
in respect to Salamandra maculosa Laur. The bends in the aorta 
roots are here also present. 

The pulmonary arch has increased in diameter. 

In relation to the neotenic animals the ductus Botalli is 
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narrow so that the lung artery here appears more as an extension 
_of the pulmonary arch. The “third” arch is clearly thinner than 
the systemic arch; in no 34 even very thin. 


Discussion 


After the older publication by Rusconr (1854) it was only 
Boas (1882) who wrote about the arterial arches of the Salamandra 
larva. 

Changes of these arterial arches in urodelan larvae are also 
described by Boas (1882) for Salamandra, while as far as we 
know these changes have of late been described only by Mc- 
MULLEN (1938) for Desmognathus fuscus, Plethodon cinereus, Eurycea 
bislineata and Gyrinophilys porphyriticus. 

These two authors do not, however, describe any changes 
in the position of the bloodvessels. 

Only very little can be added to the excellent description by 
Boas (1882) about four successive larval stages of Salamandra. 

Between the systemic arch and its corresponding vein Boas 
usually finds more anastomoses, whereas we could only discover 
one. The arteria maxillaris externa (BETHGE, 1898) (arteria 
mandibulo-jugularis, DRtNER, 1904) (arteria pharyngea as- 
cendens, OsAwaA, 1902; FRANCIS, 1934), but. also the arteria 
vertebralis collateralis and the arteria occipitalis (BETHGE, 1898) 
(the palato-nasal artery, FRANCIS, 1934), which were found by 
us in our specimen no 1 already, are not described by Boas 
although, seeing the text of his Fig. 37, this last vessel was 
known to him. 

McMULLEN (1938), too, states that no arteria maxillaris 
externa is present in the animals examined by him before 
metamorphosis; according to him these arteries develop during 
metamorphosis. This opinion cannot be correct as far as Sala- 
mandra maculosa Laur. and Ambystoma mexicanum Shaw are con- 
cerned. 

About the arterial arches of adult Salamandra: maculosa we 
find besides in older authors, Ruscont (1854) and Frirscx 
(1869), also important data in Boas (1882 ‘and 1888), BETHGE 
(1898), K6nicsTEIN (1903) and FRANcIs (1934). 

In Salamandra maculosa most authors usually find four pairs 
of arterial arches, seldom three. It is a pity that most of these 
authors do not give the number of animals examined, nor the 
number of cases in which they found three or four pairs of 
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arterial arches. Seeing the data in literature and our own 
finds, we are of opinion that in Salamandra maculosa Laur. the 
number of arches is exceedingly variable, so that in most cases 
four pairs of arches are to be found, though three pairs also occur 
rather much, while in this case either on the left side or on the 
right the “third” arch may be present. 

In Ambystoma mexicanum Shaw we always find four pairs of 
arterial arches, also in the transformed specimens. 

MIcHON (1937), too, invariably found four pairs of arterial 
arches in Triton marmoratus Latr. Therefore, we cannot agree 
with KORNER’s (1938, p. 169) remark: “dass vier Arterien- 
bogen bei den Schwanzlurchen nur verhaltnismassig selten vor- 
kommen und auch innerhalb einer Art nicht das regelmassige 
Verhalten darstellen.” 

If in Salamandra maculosa Laur. this “third” arch is present, 
it usually opens out into the systemic arch in the same place as 
the ductus Botalli, or the “third”? arch and the ductus Botalli 
first join and then open out together into the systemic arch. 

The situation as described by Francis (1934) for Salamandra 
salamandra L. that the ductus Botalli opens out into the systemic 
arch cranially from the opening of the “third” arch into a 
systemic arch, seems to us rather exceptional. 

Boas (1882, p. 539) thought Stredon to be a “Stufe’” between 
the Salamandra larva and Siren, especially from the fact that the 
junction of the ductus Botalli in Szredon with gill vein V on 
the one hand, and the junction of gill vein V with gill vein IV 
on the other hand lie farther apart than is the case in Salamandra. 
- It may be interesting to point out here that the cases mentioned 
by us, in which the pulmonary arch originates from the proximal 
part of the “third” arch, also suggest the relation in Siren as 
described by Boas (1882), where the pulmonary arch originates 
from the “third” arch, be it more laterally of the bifurcation 
of the “third” arch from the truncus arteriosus. 

Only 1 in a few cases (Boas, 1882; FRANCIS, 1934, once on one 
side) in Salamandra the ductus caroticus is found. In the adult 
animals of Salamandra maculosa Laur. examined by us this con- 
nection between the arteria carotis interna and the aorta root 
is always absent. 

Although the arteria vertebralis. collateralis usually arises to- 
gether with the arteria occipitalis as BerHcr (1898) described, 
it cannot be denied that in Salamandra maculosa Laur. they some- 
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times arise separately froma the aorta root, as is also stated by 
FRANCIs (1934). 

- Beruce (1898) and Francis (1934) describe in Salamandra 

a branch of the systemic arch (the cutaneus branch; FRANCIS). 

In the animals examined by us this bloodvessel was only found 

in one specimen of Salamandra maculosa Laur. 


V. THE PERICARDIUM 
Own investigation 


The heart of Salamandra maculosa Laur. is surrounded by the 
pericardial cavity which is bounded by a fibrous membrane, 
the pericardium (fig. 17). 

The caudal point of the pericardial cavity lies ventrally right 
of the cranial liver-top. The vena cava posterior penetrates 
from ventrally left into the caudal part of the pericardial cavity 
and lies against and is connected with the left pericardial wall. 
Slightly cranially from the caudal pericardium top the caudal 
part of the pericardial cavity is divided into a smaller dorsal 
and a larger ventral room by a frontally placed membrane 
(Gubernaculum cordis, FrirscH, 1869; Membrana_ hepato- 
pericardiaca, MATHEs, 1895; mesocardial ligament, FRANCIs, 
1934). 

The vena cava posterior continues cranially from the left 
pericardial wall on this frontal membrane, gradually changing 
into the sinus venosus. 

The above mentioned dorsal pericardial room in the most 
caudal part of the pericardial cavity is divided into a narrow 
left part and a wider right one by a median wall. These two 
cavities, ending blind in caudal direction, are the remainders 
of the ductus pleuro-pericardiaci (recessus pleuro-pericardiaci). 
The pericardial cavity is already in the youngest specimens 
examined. by us wholly separated from the pleuro-peritoneal 
cavity. The median wall between the two cavities, the continu- 
ation of the ligamentum hepato-entericum, is in cranial direction 
not very high. On its cranial edge lies the vena pulmonalis, 
running from the dorsal pericardial wall to the sinus venosus. 

Against the right part of the frontal mesocardial ligament 
lies the ventricle, in such a way, however, that the most caudal 
ventricle top remains free. 

The mesocardial ligament continues cranially to the caudal 
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edges of the two ducts of Cuvier. Caudally from this line the 
sinus venosus and the ventricle are closely-connected with the 
mesocardial ligament. 

The parts of the heart lying more cranially are not attached 
to the pericardium. On the other hand in the cranial part of 
the pericardial cavity we find the dorsal wall of the truncus 
arteriosus, slightly caudally from the bifurcation of the pul- 
monary arches, lying against the dorsal pericardial wall again. 

Thus between the dorsal pericardium wall and the dorsal 
truncus wall a conical cavity is formed, ending blind cranially. 

When studying the proportions of the heart and the pericardial 
cavity, it appears that in our youngest specimens (nos 1-4) 
the pericardial cavity is relatively wide, and that only in the 
older specimens the heart completely fills the cavity. However, 
the width of the pericardial cavity in younger larvae is not such 
as to enable the heart to move within the cavity in its caudal 
movement. From a comparison of the situation of the heart 
apex and the caudal pericardial top it appears that both the 
heart and the whole pericardium move in a caudal direction. 
To this it is attributable that in older specimens the cranial liver- 
top lies proportionally more cranially in respect to the caudal 
pericardium point than in younger specimens. 

The cranial attachment of the dorsal wall of the truncus 
arteriosus to the pericardial wall remains the same, i.e., slightly 
caudally from the bifurcation of the pulmonary arches. The 
conical cavity, however, between the dorsal wall of the truncus 
arteriosus and the pericardium disappears. 

_ The continuation of the ligamentum hepato-entericum is also 
present in the adult animals, although it does not always extend 
wholly from the caudal pericardial wall to the lung vein. 


In young larval specimens of Ambystoma mexicanum Shaw the 
pericardium is here, too, very wide. The continuation of the 
ligamentum hepato-entericum is in the young larvae already 
very low, in accordance with the fact that the vena pulmonalis 
reaches the sinus venosus far caudally. 

In the neotenic and transformed animals the pericardium 
cavity is almost wholly filled by the heart. 


Discussion 
The development of the pericardium in Urodela (Salamandra 
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maculata and Salamandra atra) is discussed by Matues (1895). 
Fritscu (1869) gives some vague descriptions about the peri- 
‘cardium of adult Urodela. Francis (1934) describes the peri- 
cardium of the adult Salamandra salamandra L., but does not 
seem to have perceived the continuation of the ligamentum 
hepato-entericum in the pericardial cavity. 


VI. THE CENTRAL LYMPH HEART 


Own investigation 


In the youngest larvae of Salamandra maculosa Laur. already 
we find between the root-vessels of the arterial arches the caudal 
basis of a central lymph heart in the truncus arteriosus (fig. 17). 

This basis is directed caudally with a conical top, and develops 
cranially into a central space. The root-vessels of the arterial 
arches surround the basis of the lymph heart ventrally and 
laterally. Dorsally the basis is covered by the connective tissue 
of the truncus wall, outside of which the cross-striped muscular 
layer of the truncus is situated. The central space of the lymph 
heart lies dorsally of the arterial arches where they leave the 
pericardial cavity successively, and is dorsally covered by the 
extension of the cross-striped dorsal truncus musculature lying 
outside the pericardial cavity. Outside the pericardium this 
extension of the dorsal truncus-musculature continues dorsally 
of the central cavity of the lymph heart as a cross-striped lon- 
gitudinal muscular band. Cranially of the carotid bifurcation 
this muscular band joins the ventral musculature of the truncus 
arteriosus. This junction is not yet complete in the youngest 
larvae, but is so in the older specimens. 

The central lymph heart ends cranially into two blindly 
ending tops, which are separated from each other by the above 
mentioned junction of the dorsal and ventral musculature of the 
truncus arteriosus. 

Two lymph vessels open on either side into the central space. 
In these openings valves are found. 

In older larvae (fig. 18) the caudal basis can be followed up 
more caudally into the truncus arteriosus than in younger ones, 
which might be explained by the supposition that the root- 
vessels in older larvae are connected with each other over a 
larger distance to the expense of the size of the central cavity. 
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The cranially directed tops are in older larvae shorter as 
compared with those of the younger larvae. 


The central lymph heart in Ambystoma mexicanum Shaw cor- 
responds with the situation described for Salamandra maculosa 
Laur. (fig. 25). 

Its blindly ending cranial tops are not distinguishable. 


Discussion 


Although BrpparpD (1903) observed a cavity between the 
root-vessels of the arterial arches in the truncus arteriosus of 
Megalobatrachus japonicus, GREIL (1903 A) was the first to re- 
cognize and describe in the heart of Salamandra atra this cavity 
as a central lymph heart. 

Also in Hover and Upzie.a (1912) we find data on the lymph 
heart of the larvae of Salamandra maculosa Laur. These two 
authors describe the muscular band on the dorsal wall of the 
cranial part of the lymph heart as consisting of smooth muscular 
fibres. In older larvae and adult animals, however, we invariably 
found cross-striped fibres in accordance with the fact that this 
band is an extension of the cross-striped musculature of the 
truncus arteriosus. 

FRANCIS (1934) gives a detailed description of the situation 
in adult Salamandra salamandra L. 

K6rNER (1938) finds the lymph heart in all the Urodela 
examined by him, except in Proteus anguineus. 

For the remark by BENNINGHOFF (1933) as quoted in this 
paper in the part dealing with the truncus arteriosus, about the 
musculature of the truncus wall to our opinion no proof is given 
in literature. 


VII. THE BLOODVESSELS OF THE HEART 
Own investigation 


As early as in the youngest larval specimens of Salamandra 
maculosa Laur. examinated we find a bloodvessel on the dorsal 
wall of the truncus arteriosus, running lengthways across it, 
which vessel is, especially in the adult animals, clearly perceiva- 
ble. The construction of the wall of this vessel proves that it is an 
artery. For its whole length this artery is exactly median in 
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position, it runs dorsally of the cross-striped musculature of the 
truncus arteriosus. 

In the older larvae, but especially in the adult animals (fig. 
19), we find a few small branches of this artery penetrating into 
this musculature. In caudal direction it may be followed up to 
the change of the truncus arteriosus into the bulbus cordis. 
In the bulbus wall we do find some smaller bloodvessels connect- 
ed with the above mentioned vessel, but these do not show any 
regular arrangement. 

The artery continues in cranial direction outside the peri- 
cardium, where it is situated in the connective tissue between 
the M.M. recti cervici. Although outside the pericardium it is 
difficult to perceive in our sections, we think it possible in some 
cases to prove a communication of this artery with both rami 
musculares for these muscles, branches of the right and the left 
arteria carotis externa. 


Also in older larvae a clear heart vein can be found. In very 
young larvae the right duct of Cuvier lies against and is closely 
connected with the dorsal cranial wall of the ventricle. In the 
older larvae, however, the right duct of Cuvier is more separated 
from the ventricle, but remains connected with the dorsal and 
dorsal left parts of the cranial ventricle wall by means of a flat 
bloodvessel opening into the duct of Cuvier. This vessel pene- 
trates deeply into the furrow between the atrium and the ven- 
tricle. 

The penetration of ramifications of this bloodvessel into the 
musculature of the ventricle is difficult to perceive in larvae. In 
adult animals, however, we think it possible to prove. this 
penetration. 

In older larvae and adult animals we find, in the epicardium 
of the bulbus cordis, a network of smaller vessels communicating 
with the capillaries of the musculature of the bulbus cordis. Such 
vessels are also present in the epicardium of the cranial ventricle 
wall. In the epicardium of the bulbus cordis these vessels unite 
into two larger ones on the left ventral and the right dorsal 
wall of the bulbus cordis. Blood-corpuscles are not found in 
these vessels, so that a doubt arises whether these spaces are in- 
deed to be considered as bloodvessels. In the adult animals, on | 
the other hand, we think it possible to perceive a communication of 
this epicardial vessel network with the above mentioned heart vein. 
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A similar artery on the dorsal wall of the truncus arteriosus 
as described for Salamandra maculosa Laur. is also found in Amby- 
stoma mexicanum Shaw. 

The ramifications of this vessel over the walls of the truncus 
arteriosus and the bulbus cordis are very clear. In no 26 a 
vessel ramifying across the truncus and bulbus walls and ex- 
tending cranially in the same way as the above mentioned dorsal 
artery is situated on the ventral wall of the truncus arteriosus 


(fig. 25). 


The heart vein in Ambystoma mexicanum Shaw is not clearly 
separated from the right duct of Cuvier. The epicard vessels of 
the ventricle and bulbus cordis walls are closely connected with 
the right duct of Cuvier by means of narrow capillaries. 


Discussion 


About bloodvessels in the heart of Urodela we find many 
data, which do not always agree, in the literature consulted. 

Hyrtt (1858 and 1864) describes for numerous Urodela 
(Proteus, Stren, Menobranchus, Menopoma, Triton, Pleurodeles, Sala- 
mandra and Pseudotriton) an arteria cardiaca (arteria coronaria 
or arteria bulbi) arising from the right arteria carotico-lingualis, 
only providing the walls of the bulbus arteriosus with blood 
vessels. One case of Salamandra only is figured by Hyrtt (1864), 
i.e. a drawing of the heart of Salamandra maculosa in which, 
however, the vessel is shown on the ventral truncus wall. 

A heart artery upon the dorsal surface of the truncus arteriosus 
is found in Ko6nicsTEIN (1903) for Menopoma giganteum and in 
BEDDARD (1903) for Megalobatrachus japonicus. 

According to BEDDARD this artery should only extend up to 
the ventricle; according to K6nicsTEIN it should ramify across 
the dorsal and ventral ventricle walls. 

According to K6nicsTEIn this bloodvessel arises from the 
truncus arteriosus; according to BEDDARD it communicates with 
the “third” arch. 

From the presence of a heart vein Hyrti (1864 and 1865) draws 
the conclusion that there is also an artery present in the heart 
of Cryptobranchus japonicus, although he could not find this 
artery. . 

In Salamandra maculata, too, K6NIGsTEIN (1903, p. 313-314) 
finds an artery, a branch of the arteria carotis externa, which 
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“sich an den Aortenbogen und am Bulbus verteilt, das Herz 
selbst jedoch nicht erreicht’’. 

' The ramification of this vessel over the arterial arches could 
not be discovered by us. Yet we are of opinion that the artery 
described by Hyrtt and the one meant by KGniIGsTEIN in 
Salamandra are homologous with the artery described by us. 
This artery is evidently not homologous with the above men- 
tioned artery described by K6énicsTE1n and Bepparp for Meno- 
poma giganteum and Megalobatrachus japonicus, for with regard to 
this latter vessel for Menopoma giganteum KONIGSTEIN (1903, 
p- 317) says: “Ausser der Coronar-Arterie besteht noch ein 
eigener nur fiir die Ernahrung der Aortenbogen und den Bulbus 
bestimmter Ast der Carotis, der schon bei Salamandra Erwahnung 
fand’’. 

KORNER (1938, p. 172) always found vessels in the animals 
examined by him “die von aussen an den Truncus arteriosus 
und den Bulbus cordis herantreten und Aste in die Wand hin- 
einschicken”. For two specimens of Ambystoma mexicanum he 
describes a number of vessels to the right on the surface of the 
ventricle in an epicardial thickening, from which ramifications 
penetrate into the musculature of the ventricle. In Molge viri- 
descens and Euproctus asper KORNER found vessels penetrating 
into the bulbus wall from the bulbus lumen. 

Hyrt (1864 and 1865) gives for Salamandra, Proteus, Triton and 
Cryptobranchus japonicus, KORNER (1938) for Pleurodeles walltlii, 
the presence of a heart vein in about the same place as described 
by us for Salamandra maculosa Laur. 

REESE (1906) only gives vague hints about vessels on the wall 
of the heart of Cryptobranchus alleghaniensis, which bloodvessels 
shown on the ventricle wall of his figure are evidently also 
ramifications of the above mentioned heart vein. 

FRANCIS (1934, p. 191), too, describes the heart vein for Sala- 
mandra salamandra L., which “from the ventricle enters the right 
ductus Cuvieri on its ventral aspect at the right margin of the 
ventricle’’. 

For Ambystoma mexicanum and Hynobius keyserlingii KORNER 
(1938) describes veins situated on the atrium wall and opening 
direct into the right atrium. In the specimens of Ambystoma 
mexicanum Shaw examined by us these vessels are not recovered. 
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VIII. THE NERVES OF THE HEART 


FRANCIS (1934) in Salamandra salamandra L. notes the presence 
of some heart nerves: a fine anterior cardiac nerve running to 
the truncus arteriosus near the pulmonary arch, and one or 
more posterior cardiac nerves, which accompany the pulmo- 
nary vein to the heart. 

CARLSON (1905) for Necturus maculatus describes nerve cells 
and nerve fibres in bulbus cordis, sinus venosus, atrium and 
ventricle walls. 

K6rNER (1938), too, describes nervous elements in many 
cases in the heart of the numerous Urodela examined by him. 

We have taken much pains to perceive the course of nervous 
elements but have had no success. Nerve cells in the sinus 
venosus and ventricle walls and in the mesocardial ligament 
between the ventricle and the sinus venosus are perceived by 
us, but for a closer study of this material a special technique 
seems necessary to us. 


IX. THE CAROTID LABYRINTHS 


Own investigation 


The peculiar round or oval bodies met with in the adult 
animals of Salamandra maculosa Laur. at the carotid arches, the 
so-called carotid labyrinths (carotid glands) do not develop be- 
fore the last stages of metamorphosis (specimens nos 13, 14, etc.). 

In younger larvae, where these bodies are not to be found, 
the situation from where these bodies develop, is the following. 

The original gill vein III splits at the caudal end of the 
cerato-branchial into a dorsal branch, the origin of the arteria 
carotis interna, and a ventral branch, the origin of the arteria 
carotis externa (fig. 20). The latter vessel runs over a large 
distance in cranial direction parallel with the carotid arch, so 
it is caudalward connected witn the origin of the arteria carotis 
interna by a connecting vessel. The arteria carotis externa and 
the carotid arch are connected by one or two thin anastomoses 
hanging together in some larvae. | : 

When studying the successive specimens it appears that these 
anastomoses always lie in a cranial-caudal direction closer to 
the opening of the arteria carotis externa into the gill vein III, 
which later becomes the basal part of the arteria carotis interna 
(fig. 20 and 23). This must be explained by the more intensive 

16 
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caudal movement of the ventral bloodvessel complex in respect 
to the dorsal complex, as described above, owing to which the 
connecting piece from the arteria carotis externa to the arteria 
carotis interna also moves in a more dorso-ventral position — 
sometimes showing bends — but also, in our opinion, undergoing 


a relative shortening. 


Fig. 27. Transverse sections 

through developing carotid laby- 

rinths of Salamandra maculosa Laur. 

AG NO 14.8. nowrs. Ci. no 16. 

c.a., carotid arch; c.e., arteria 

carotis externa; c.i., arteria carotis 
interna. 


Fig. 28. Transverse sections 
through the carotid labyrinth of 
an adult Salamandra maculosa Laur. 
I = caudal; 2 = cranial. 

c.a., carotid arch; c.e., arteria 
carotis externa; c.i., arteria ca- 
rotis interna; v., vein. 


The anastomoses as well as the arteria carotis externa widen 


in proportion to the carotid arch. 


In specimen no 12 and in older specimens we see especially » 
at the connecting piece of the arteria carotis externa, but also 
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at the carotid arch, bulges in the bloodvessels beginning to 
show themselves, which bulges lie in a proliferation of the walls 
of the blcod vessels appearing at the same time. 

This wall consists especially of polygonal cells with large 
nuclei. At the outside this thickened wall is covered with a 
fibrous layer while at the inside it is covered by an endothelium. 

The connecting piece of the arteria carotis externa, connected 
ventrally by means of one or more anastomoses with the carotid 
arch, and dorsally connected with the arteria carotis interna, 
forms with these connections the origin of a simply constructed, 
long drawn-out carotid labyrinth with a central lumen (fig. 27). 
Already in specimen no 15 this complex is shorter and more 
compressed, and completely lying in a communal proliferation 
of the vessel-walls. The central cavity has become indistinct 
by the presence of many-—also branchy—bulges, which bulges 
are mutually connected (fig. 27). The remainders of the caudal 
extensions of the carotid arch and gill vein III are reduced to 
narrow tubes. 

In specimen no 16 the carotid labyrinth has obtained its 
characteristic shape. Into the oval body the carotid and the 
arterla carotis externa penetrate on the ventral side, while on 
the dorsal side the arteria carotis interna penetrates into it 
(fig. 27 and 28). 

At the lumina of the ventrally penetrating vessels there appear 
connecting tubes making the central part of the body a spongy 
whole, which sponginess decreases in dorsal direction where the 
tubes unite themselves to an arteria carotis interna. 

The remainders of the caudal extensions of the carotid arch 
and gill vein III are then wholly gone... 

Histologically the construction of the carotid labyrinth is now 
that of the adult animals. The inside of the labyrinth wall con- 
sists of a thin endothelium on which are locally found thin layers 
of smooth muscular fibres. The chief mass of the wall consists of a 
thick tissue mass of polygonal cells with large nuclei round 
which lies a fibrous layer with connective tissue and smooth 
muscular elements forming the outer layer. In the completely 
adult animals the spongy construction has only grown more 
intensive. Cross-striped muscular elements are wholly missing. 
Ventro-laterally we now find a vein clearly lying against the 
wall of the carotid labyrinth. | 
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In Ambystoma mexicanum Shaw carotid labyrinths are not 
present in neotenic and transformed animals. 


Discussion 


According to Ruscont (1854) the carotid labyrinth in Sala- 
mandra should have arisen from the anastomoses between the 
arteria carotis externa and the carotid arch. Already Boas (1883) 
contested this opinion and gave an extensive description of the 
development and the construction of the carotid labyrinth. In 
his Fig. 31, Taf. XXV (1882), the mutual connections of the 
anastomoses in the left part of this figure are represented too 
numerous. We even found that the presence of three anasto- 
moses, as represented in the right half of the figure, is very rare 
indeed. 

According to Boas (1883) the carotid arch lying parallel to 
the arteria carotis externa should, both to the same extent, shape 
the origin of the carotid labyrinth by bulges. However, we are 
of opinion that the bulges arise especially from the arteria 
carotis externa, and to a less extent from the carotid arch; which 
is also perceivable in Boas’ Fig. 32, Taf. XXV (1882), but does 
not appear from the text. 

Mavrer (1888) supposes, referring to his observations on 
Anura, that also in Urodela epithelial elements should be con- 
nected with the forming of the carotid labyrinth, although he 
could not prove so from the Urodela that were at his disposal. 
We have taken much trouble to discover an epithelial layer as 
described by Maurer in all the specimens examined by us, but 
have not succeeded in it. 


We want here to render our heartfelt thanks to Prof. Dr C. J. 
VAN DER Kiaavuw, from the Government University of Leyden, 
for his directions and critical remarks concerning this in- 
vestigation. 


SUMMARY 


I. The heart 


Shape and positon of the heart. The changes in the 
shape of the heart during metamorphosis mainly consist of a 
cranial movement of the sinus venosus in respect to the atria: 
and a lengthening of the longitudinal axis of the heart. 
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In the neotenic axolotl this shape has already been reached, 
so that the heart of these animals corresponds with the situation 
in the transformed animals. 

A caudal movement in respect to the neighbouring skeleton 
can be proved. At first this caudal movement must be attributed 
to an intense growth of the heart as compared to the skeleton, 
in which growth, however, the cranial parts of the heart do not 
move in respect to the skeleton. 

In Salamandra maculosa Laur. an absolute caudal movement 
is seen in the later stages of metamorphosis, which continues 
even after metamorphosis. In Ambystoma mexicanum Shaw, on the 
other hand, this caudal movement begins already before the 
phenomena of metamorphosis, so that in the neotenic animals 
the heart has already pretty far moved in a caudal direction; 
this movement continues during and after metamorphosis. 


Sinus venosus. Besides the changes in the structure of the 
wall of the sinus venosus it is especially the formation of the big 
sinus valve which shows itself in the heart of Salamandra maculosa 
Laur. during metamorphosis. 

This sinus valve originates in Salamandra maculosa Laur. as a 
side flap attached to the septum atriorum from the right part of 
the connective tissue border round the vena pulmonalis running 
across the dorsal wall of the sinus venosus. This border round 
the vena pulmonalis is connected with the septum atriorum, 
there where the vena pulmonalis opens into the left atrium to 
the left of the septum atriorum. By a caudally directed scooping 
out of its cranial part and by growth the sinus valve originates 
from the left part of the connective tissue border. 

In Ambystoma mexicanum Shaw the connective tissue border 
is in young larvae much less developed. The sinus valve attains 
a much slighter development or may even be completely 
wanting. 


Atria. In connection with the origin of the sinus valve as 
described by us it is doubtful whether KORNER’s theory (1938) of 
the structure of the septum atriorum in lungless salamanders is 
correct. 

The left part of the connective tissue border round the vena 
pulmonalis leads to the shaping of the vena pulmonalis funnel. 

The septum atriorum is pierced by numerous openings 
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arising before and during metamorphosis. From investigation 
it becomes probable that there is a connection between the 
appearance of these openings and the arising of muscular 
elements in the septum atriorum. 

These openings in the septum atriorum are already present 
in neotenic Ambystoma mexicanum Shaw, but here as well as in 
the transformed animals they are fewer than in Salamandra 
maculosa Laur. 


Ventriculus. In Salamandra maculosa Laur. we find in the 
atrio-ventricular opening as a rule one large dorsal valve, one 
large ventral valve, and a smaller right lateral one. A fourth left 
lateral valve may develop in the adult animals or is present as 
an endocardium ridge. 

In Ambystoma mexicanum Shaw the ventricle is in young larvae 
surrounded by a thick epicardium layer, which is present to a 
smaller extent in neotenic animals and mostly disappears wholly 
in the transformed animals. In these animals we find two large 
valves in the atrio-ventricular opening, a dorsal valve and a 
ventral valve. Right laterally there may be present a slightly 
developed connective tissue ridge; only seldom we find a left 
lateral ridge. 


Bulbus cordis. The bulbus cordis consists in a slightly 
spiral shaped tube, which, in its caudal part, possesses a ventral 
bend, owing to which this organ shows a great likeness to the 
conus arteriosus of Ceratodus (BoAs, 1880 and 1882; LANGER, 
1894). 

Although in the young larvae of Ambystoma mexicanum Shaw 
this spiral shape is less clearly perceptible than in neotenic 
animals, yet we think from the fact that it is strongly developed 
in Salamandra maculosa Laur., we may safely assume that KORNER’s 
opinion that this spiral should be of a secondary nature is not 
correct. 

In the caudal part of the bulbus cordis we rather constantly 
find three valves. A fourth valve is more present in Ambystoma 
mexicanum Shaw than in Salamandra maculosa Laur. 

The longitudinal ridge is in transverse sections higher in 
Ambystoma mexicanum Shaw than in Salamandra maculosa Laur. 

The ridge corresponds with the three valves lying most. 
cranially in the longitudinal row of valves in the conus ‘of 
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Ceratodus (LANGER, 1894). For this reason it is fairly understand- 
able that this ridge is only slightly spiral-shaped, as it cor- 
responds with the cranial valves in the conus of Ceratodus only. 

Besides the above mentioned cranial bulbus valve there are 
always three other cranial valves present. 

The endocardium knobs in the cranial part of the bulbus 
cordis may correspond with rests of the second transverse row 
of valves in the conus of Ceratodus. 

The cartilaginous bodies found in the cranial bulbus valves 
of Salamandra maculosa Laur. cannot be attributed to old age 
only, as KORNER (1938) asserts. 


Il. The truncus arteriosus and arterial arches 


Truncus arteriosus. In young specimens of Salamandra macu- 
cosa Laur. the truncus septa are covered with thick endocardium 
layers disappearing during metamorphosis. In Ambystoma mexi- 
lanum Shaw the endocardium disappears during metamorphosis 
but here the septa are in transformed animals much thicker. 

It is difficult to decide whether the cross-striped muscular layer 
round the truncus arteriosus belongs to the lymph heart or to 
the truncus itself. 

A new nomenclature for the septa appeared desirable. 


Arterial arches. In the larvae of Salamandra maculosa Laur. 
there arise four pairs of arterial arches from the truncus ar- 
teriosus. After the end of the metamorphosis either the third 
pair of arches or one arch in the third pair may disappear. 

Especially the ventral parts of the arterial arches of Sala- 
mandra maculosa Laur. move together with the heart in a caudal 
direction early during metamorphosis. 

The dorsal bloodvessel system does not move at all, or does 
so only to a small extent. Only the dorsal junction of the aorta 
roots is found to lie more caudally in older animals than in 
young larvae. 

The ventral bloodvessel complex in Ambystoma mexicanum 
Shaw moves caudally before metamorphosis already. 

In Ambystoma mexicanum Shaw four pairs of arterial arches are 
invariably present, the third pair having a smaller diameter 
in older animals. 

In a few animals the pulmonary arch arises from the “third” 
arch exactly there where this leaves the truncus arteriosus. This 
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situation makes a relation of these animals with Siren—as described 
by Boas (1882) — more likely. 

Contrary to the finds of McMuLLEN (1938) the arteria maxil- 
laris externa in Salamandra maculosa Laur. and Ambystoma mexi- 
canum Shaw is already present before metamorphosis. 


Il]. The Pericardium, Lymph heart, Bloodvessels 
and Carotid labyrinth 


The pericardium. In the pericardium we may also find 
a remainder of the ligamentum hepato-entericum in the adult 
Salamandra maculosa Laur. and Ambystoma mexicanum Shaw. 


The central lymph heart. The muscular bands in the 
cranial part of the central lymph heart consist of cross-striped 
muscular fibres. 


The bloodvessels of the heart. Along the dorsa- 
wall of the truncus arteriosus an artery is situated, ramil 
fications of which penetrate into the truncus and bulbus walls. 
This bloodvessel is connected with the arteria carotis externa. 

In Salamandra maculosa Laur. a heart vein runs from the 
cranial ventricle wall to the right duct of Cuvier. In Ambystoma 
mexicanum Shaw this bloodvessel is not clearly separated from 
the right duct of Cuvier. 


Carotid labyrinth. The carotid labyrinth originates es- 
pecially from bulges and proliferations on the wall of the 
arteria carotis externa, and partly from the same phenomena 
on the wall of the carotid arch. Epithelial elements (MAURER, 
1888) do not appear to be connected with the formation of these 
bodies. 

In Ambystoma mexicanum Shaw carotid labyrinths are not 
present. 


ON THE HEART AND ARTERIAL ARCHES ETC. 253 


LITERATURE 


BEpparb, F. E., 1903. On some points in the anatomy, chiefly of the heart 
and vaseblar system, of the japanese salamander, Megalobatrachus japonicus. 
Proc. Zool. Soc. London, 2. 

BENNINGHOFF, A., 1922. Beitrage zur vergleichenden Anatomie und Ent- 
wicklungsgeschichte des Amphibienherzens. Morph. Jahrb., 51. 

» 1931. Die Architektur des Herzmuskels. Eine vergleichend ana- 
tomische und vergleichend funktionelle Betrachtung. Morph. Jahrb., 67, 
Fe Teik 

» 1933. Das Herz. Handb. vergl. Anat. Wirbelt., hrsg. v. Bolk, 
Goppert, Kallius, Lubosch, 6. 

BeTtucE, E., 1898. Das Blutgefassystem von Salamandra maculata, Triton 
taeniatus und Spelerpes fuscus; mit Betrachtungen tiber den Ort der 
Athmung beim lungenlosen Spelerpes fuscus. Zeitschr. wiss. Zool., 63. _ 

Boas, J. E. V., 1880. Uber Herz und Arterienbogen bei Coratodus und 
Pioiepterus: Morph. Jarhb., 6. 

, 1882. Uber den Conus arteriosus und die Arterienbogen der 
Amphibien. Morph. Jahrb., 7. 

» 1883. Beitrage zur Angiologie der Amphibien. Morph. Jahrb., 8. 

, 1888. Uber die Arterienbogen der Wirbelthiere. Morph. Jahrb., 13. 

BruckeE, E. -, 1852. Beitrage zur vergleichenden Anatomie und Physiologie 
des Gefassystems. Denkschr. Kaiserl. Akad. Wiss., Wien, HI. 

Bruner, H. L., 1g00. On the heart of lungless salamanders. Journ. Morph., 
XVI. 

*Catori, L., 1851. Sulla anatomia dell Axolotl. Memorie della Accademia 
delle Scienze dell Instituto di Bologna, III. 

Carison, A. J., 1905. Die Ganglienzellen des Bulbus arteriosus und der 
Kammerspitze beim Salamander (Necturus maculatus). Arch. ges. Phys., 109. 

Corps, E., 1924. Das Herz eines lungenlosen Salamanders. (Salamandrina 
perspicillata). Anat. Anz., 57. 

Druner, L., 1904. Studien zur Anatomie der Zungenbein-, Kiemenbogen- 
und Kehlkopfmusculatur der Urodelen. II. Theil. Zool. Jahrb., Abt. 
Anat., 19. 

FEepERow, V., 1910. Uber die Entwicklung der Lungenvene. Anat. Hefte, 40. 

Francis, E. T. B., 1934. The anatomy of the salamander. Oxford. 

Fritscu, G., 1869. Zur vergleichenden Anatomie der Amphibienherzen. 
Arch. Anat. Phys. 

Gaupp, E., 1899. Anatomie des Frosches. Braunschweig. 

GEGENBAUR, C., 1866. Zur vergleichenden Anatomie des Herzens. Jen. 
Zeitschr. Med. Naturwiss., 2. 

GitworE, R. J., and F. J. Ficcr, 1929. Morphology of the blood vascular 
system of the tiger salamander (Ambystoma tigrinum). Heart and aortic 
arches. Colorado College Publication, Gen. Ser. 161, Studies Ser. 1. 

Grem, A., 1903 A. Uber die Entwicklung des Truncus arteriosus der 
Anamnier. Anat. Anz. 23, Erg. Heft. 

-——_——, 1903 B. Beitrage zur vergleichenden Anatomie und Entwicklungs- 

' geschichte des Herzens und des Truncus arteriosus der Wirbeltiere. 
Morph. Jahrb., 31. 

HocustTETTEeR, 1906. Die Entwickelung des Blutgefasssystems. Hertwig, 

Handb. vergl. exp. Entwickelungslehre Wirbeltiere, 3, 2. Teil. 


254 H. J. J. TERHAL 


Hover, H. und S. Upziera, 1912. Untersuchungen iiber das Lymphgefass- 
system von Salamanderlarven. Morph. Jahrb., 44. 

Hyrti, J., 1858. Vorlaufige Anzeige iiber gefasslose Herzen. Sitz. Ber. 
Kaiserl. Akad. Wiss., Wien, 33. : 

, 1864. Uber die sogenannten Herzvenen der Batrachier. Sitz. 
Ber. Kaiserl. Akad. Wiss., Wien, 50. 
, 1865. Cryptobranchus japonicus. Wien. 

Kerr, J. GRAHAM, 1919. Text book of embryology, 2. London. 

KonicsTEIn, H., 1903. Zur Morphologie und Physiologie des Gefasssystems 
am Respirationstrakt. Anat. Hefte, 22. 

Korner, F., 1938. Das Herz der Schwanzlurche. Jen. Zeitschr. Naturwiss., 71. 

Lancer, A., 1894. Uber die Entwicklungsgeschichte des Bulbus cordis bei 
Amphibien und Reptilien. Morph. Jahrb., 21. 

LANGERHANS, P., 1873. Notiz zur Anatomie des Amphibienherzens. Zeitschr. 
wiss. Zool., 23. 

Leyopic, F., 1853. Anatomisch-Histologische Untersuchungen tiber Fische 
und Reptilien. Berlin. 

McMUuL. ten, E. C., 1938. The morphology of the aortic arches in four genera 
of plethodontid salamanders. Journ. Morph., 62. 

Matues, P., 1895. Zur Morphologie der Mesenterialbildungen bei Am- 
phibien. Morph. Jahrb., 23. 

MartumorTo, K., 1938. Beitrage zur Kenntnis der vergleichenden Anatomie 
des Herzknorpels. Keijo Journ. Med., 9. 

Mavrer, F., 1888. Schilddriise, Thymus und Kiemenreste der Amphibien. 
Morph. Jahrb., 13. 

Micuon, J., 1937. Les arcs aortiques chez le Triton marmoratus Latr. et le 
Triton cristatus Laur. Bull. Soc. Zool. France, 62. 

Nose, Gu. K., 1925. The integumentary, pulmonary, and cardiac modi- 
fications correlated with increased cutaneous respiration in the Am- 
phibia: a solution of the ,,hairy frog’? problem. Journ. Morph. Physiol., 40. 

Osawa, G., 1902. Beitrage zur Anatomie des Japanischen Riesensalamanders. 
Mitt. Med. Fak. K. Jap. Univ. Tokio, 5. 

Rerse, A. M., 1906. Anatomy of Cryptobranchus alleghaniensis. Amer. Natu- 
ralist, 40. 

Résr, C., 1890. Beitrage zur vergleichenden Anatomie des Herzens der 
Wirbelthiere. Morph. Jahrb., 16. 

Rusconi, M., 1854. Histoire naturelle, développement et métamorphose 
de la salamandre terrestre. Pavie. 

Sapatigr, A., 1873. Etudes sur le coeur et la circulation centrale dans la 
série des vertébrés. Montpellier. 

WirTINGER, W., 1937. Die Analyse der Wachstumsbewegungen und der 
Septierung des Herzschlauches. Anat. Anz., 84. 

Wotterstorrr, W., 1930. Zur Systematik und Biologie der Urodelen 
ssi Abh. u. Ber. Mus. Natur- Heimatk. Naturwiss. Ver. Magden- 

urg, 6. 
Wyman, 1854/56. Proc. Boston Soc. Natur. Hist., 5, May, 17, 1854. 
Ziituicu, R., 1930. Uber das Herz von Salamandra maculosa. Morph. Jahrb., 65. 


* To this publication we had no access. 


THE EFFECT OF CENTRIFUGAL FORCE UPON 
THE EGGS OF LIMNAEA STAGNALIS L. 


BY 


CHR. P. RAVEN AND L. H. BRETSCHNEIDER 


FROM THE ZOOLOGICAL LABORATORY, UNIVERSITY OF UTRECHT 


INTRODUCTION 


In recent years, our knowledge of the precocious chemo- 
differentiation in the so called mosaic eggs has improved con- 
siderably. The study of these eggs with modern histochemical 
methods has brought to light the presence of certain substances, 
which are at first distributed evenly throughout the egg proto- 
plasm, but are localised into definite regions of the egg during 
the early stages of development. 

The observations of Spex (1930-1934) on the “bipolar 
differentiation”’ of the eggs of diverse invertebrate animals and 
of Teleosts have shown that in these eggs, prior to or immediately 
after the beginning of cleavage, a rearrangement of the egg 
substances occurs, which leads to an accumulation of acid 
materials in the vegetative and of alkaline substances in the 
animal half of the egg. Recent researches (Ries & GERscH 1936, 
RAVEN 1938) prove that especially the accumulation of the acid 
albuminous yolk in the vegetative egg hemisphere is responsible 
for the occurrence of this difference in pH between the two 
hemispheres of the egg. 

-The observations of Rirs & GeErscH (1936) on Aplysia show 
that not only the pH, but also the rH of the egg protoplasm 
differs in different regions of the egg. Gerscu & Rugs (1937) 
have studied with the aid of vital dyes and indicators the 
arrangement of substances in the eggs of various marine animals, 
and the distribution of these substances during cleavage to 
particular regions of the embryo. Ries (1937) showed that 
vitamin C, glutathion and various enzymes (benzidine-peroxy- 
dase, indophenol-blue-oxydase, leucomethylene blue-oxydoredu- 
case) in some marine eggs have a definite localisation in the 
uncleaved egg and become incorporated into particular blasto- 
meres during cleavage. 

In the light of these facts, it seems reasonable to suppose that 
these substances have something to do with the determination 
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of the cells. As a matter of fact, Ries (1939) has shown that in 
the Ascidian egg the differentiation of muscle cells is dependent 
upon the presence of a special protoplasm, which is characterized 
by its riches in certain oxydases and peroxydases. In Tubtfex 
the pole plasms, which determine the differentiation of the 
embryo, as is shown by the experiments of PENNERS (1924-25), 
are very rich in indophenolblue-oxydase too (LEHMANN 19414). 
On the other hand, it would be premature to attribute to these 
substances, which can be detected with our present histochemical 
methods, the value of specific organ-forming substances. In fact, 
this notion of organ-forming substances has lost, in recent years, 
something of its positiveness. More and more, it has been made 
clear that the assumption of a specific substance, being respon- 
sible for the development of the cells, into which it has become 
incorporated, to some special organ of the embryo, is rather 
simplistic. The determination of the cell appears to depend on 
an equilibrium of the substances it contains; not the presence 
of a single substance, but rather the quantitative and spatial 
relation of various substances is determinative. So PELTRERA 
(1940) concludes from his experiments on the eggs of Aplysia 
that “con tutta probabilita, la complicata architettura ooplas- 
matica sia in queste uova sede di un complesso sistema di 
equilibri istochimici, legati ad ossidasi, riduttasi, acido ascorbico, 
glutatione ed altre sostanze, che non possono venir turbati, 
senza che cid influisca sull’armonia dei processi dello sviluppo”’. 
It is noteworthy that all these substances play a part in cell 
metabolism; their primary action seems to affect, therefore, the 
metabolic processes of the cell. 

Little is known about the factors, which are responsible for 
the localisation of the egg substances in their definitive positions. 
The remarkable fact that in some eggs after abnormal strati- 
fication of the egg protoplasm by centrifuging a redistribution 
of the egg substances occurs, which may lead to a restoration 
of the normal arrangement of materials (RAVEN 1938, PELTRERA 
1940), proves that these factors reside in those parts of the egg 
protoplasm, which resist the displacing action of centrifugation. 
They may correspond, therefore, to the factors determining the 
polarity and bilaterality of the egg; probably, they are located 
in the cortical layer of the egg. 

As a matter of fact, MoromuRA (1935) has shown that in the 
eggs of Amphibia and Echinoderms the cortical cytoplasm is 
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not displaced by moderate centrifuging. This is confirmed, as 
regards the “cortical field’? in the Amphibian egg, by the 
experiments of PAsTEELs (1940).The action of cortical factors upon 
the distribution of the egg substances is demonstrated well in the 
experiments of LEHMANN (1940, 1941b): when the uncleaved 
eggs of Tubifex are centrifuged at an early stage of development, 
the pole plasms accumulate under the egg cortex in their 
normal positions with respect to the original polarity of the egg. 
As for the nature of these cortical factors, very little is known; 
we may quote in this respect the opinion of SpEK (1930), who 
ascribes the “bipolar differentiation” of the egg of Nereis to 
differences in the permeability of the egg cortex; in consequence 
of a different penetration of ions an electrical field is established, 
resulting in the migration of the colloid particles of the proto- 
plasm to the poles of the egg (“kataphoresis in the living cell’, 
after SPEK). 

Experiments, in which the normal arrangement of egg sub- 
stances has been destroyed by means of centrifugal force, have 
furnished an important contribution to the analysis of the 
development of mosaic-eggs. The observation that from such 
eggs in many cases (e.g. in Polychaetes and Molluscs) normal 
larvae develop, regardless of the distribution of the visible egg 
materials, has lead to the prevailing opinion that these sub- 
stances (particularly fat and albuminous yolk) play no part in 
the determination of the cells, but are raw materials only, which 
are consumed as food during the development of the embryo. 
‘They were contrasted, therefore, with the organ-forming sub- 
stances proper, which cannot be displaced without disturbing 
the normal course of development. 

Such a view, however, does not agree with our conclusion 
that the determination of the cells depends on the physical and 
chemical equilibrium of all the substances it contains, primarily 
affecting the metabolic processes of the cell. According to this 
view, the sharp line of demarcation between “organ-forming 
substances” and “raw materials’ cannot be maintained. More- 
over, recent experiments have shown that in many instances the 
yolk materials of the egg play an important part in determina- 
tion (cf. LEHMANN 1938). Lastly, it has been found by one of 
us (RAVEN 1938) that the development of centrifuged eggs of 
Nereis and Chaetopterus in a large percentage of cases is abnormal, 
so that.some doubts have arisen as to the accuracy of earlier 
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experiments, and the exactness of their interpretation. Therefore, 
we have tried to gain a better insight into the problems of the 
_ development of centrifuged eggs, using the eggs of Limnaea 
stagnalis. 

Centrifuge experiments with the eggs of fresh water Pulmonates 
(Physa ancillaria and Lymnaea catascopium) have been made by 
ConkKLIN (1910). The eggs showed after centrifugation a strati- 
fication into three zones: a cap of “gray substance” at the 
centripetal end, a clear zone, and a layer of “yellow substance” 
at the centrifugal end of the egg. This stratification may bear 
any relation to the original axis of polarity. At further develop- 
ment, this abnormal arrangement of the visible materials of the 
egg is, in the main, preserved; nevertheless, in a large percentage 
of cases normal young snails develop, particularly, if the eggs 
were centrifuged before or immediately after maturation. 
ConkLin concluded, therefore, that the gray and yellow sub- 
stances are mere inclusions in the protoplasm, and that they 
neither are essential to development. 

The observations of CONKLIN were made on living eggs only. 
The study of whole eggs, however, can give us but a superficial 
impression of the distribution of egg materials. A better insight 
into the developmental processes in the centrifuged eggs may 
be gained from the study of sections. It may reveal finer details 
of arrangement of the egg materials, which are indispensable 
for a full understanding of development. Moreover, it appeared 
worth while to study the distribution of other substances, not 
visible in the untreated egg, but demonstrable with special 
histochemical methods. 


MATERIAL AND METHODS 


Adult Limnaea stagnalis were obtained from ditches near 
Utrecht. They were kept in large numbers in glass aquaria, 
containing + 3o | of tap water; no submerged plants were 
added, the snails being fed with lettuce. Under these circum- 
stances they produce, as a rule, no egg-masses. To obtain eggs, 
some floating aquatic plants (e.g. Hydrocharis) are added. Now, 
after a lapse of +3 hours large numbers of egg-masses are 
produced. Evidently, the presence of these plants stimulates the 
snails to deposit their eggs. The nature of this stimulus is not 
yet known to us; preliminary experiments have shown, however, 
that it is, probably, not chemical. In this way, it is possible to 
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have the egg production in hand, and to obtain the egg-masses 
at will precisely at the moment they are needed. 


It should be noted that many egg-masses obtained in this way contain a 
large number of abnormal eggs. These eggs are larger than normal ones; 
in many cases they do not cleave, in other eggs development stops at an 
early stage. In such egg-masses usually some capsules contain more than one 
egg; sometimes, 20 or more eggs are enclosed in one capsule. As a rule, 
the egg-masses, which are deposited promptly (i.e. within 3-6 hours) after 
the application of the above-named stimulus, are normal; with increase of 
the period of latency the egg-masses contain more abnormal eggs, while 
egg-masses deposited after more than 12 hours nearly always show 100% 
mortality. Of course, only the firstmentioned egg-masses were selected for 
the experiments. 


The eggs were centrifuged in their capsules by means of an 
electric centrifuge; as a rule, they were centrifuged during 5 
minutes at a velocity of 3800 revolutions per minute, giving a 
centrifugal pressure of 1860 < gravity. In this way, a distinct 
stratification of the eggs is effectuated, as described below. 

For fixation of the eggs, and for the execution of the histo- 
chemical reactions, it proved necessary to deliver the eggs from 
their capsules. To this end, the following method has been 
employed: the common jelly mass is removed as far as possible, 
then the individual egg capsules are placed upon a dry glass plate. 
After a few minutes, the capsules, originally resistant and 
elastic, are somewhat wrinkled in consequence of drying; now 
it is easy to prick the capsule with a pointed needle, and get out 
the egg. Out of their capsules, the eggs may survive for some 
days in tap water; they may undergo cleavage, and develop into 
a gastrula; then development stops and the eggs die. 

As for the technical details of the histochemical reactions 
employed by us, we may refer to Lison (1936) and to the papers 
of Rigs. 


THE DEVELOPMENT OF CENTRIFUGED EGGS 


Fig. 1 gives a graphic representation of the effect of centri- 
fuging in relation to time. At the abscissae the time is repre- 
sented. The uncleaved stage of Limnaea stagnalis lasts 4—5 hours 
(at a temperature of + 20°). The first polar body is extruded 
60-80 minutes after the egg is laid; the second polar body is 
formed about one hour after the first; after another 2-24 hours 
cleavage begins. The ordinates represent the “total mortality’, 
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i.e. the percentage of eggs, from which no normal young snails 
hatched, either owing to precocious death of the embryo, or 
because development was abnormal. 

63 Egg-masses, containing 3193 eggs, are included in the graph; 
all were centrifuged between egg deposition and first cleavage. 
The mean rate of mortality is 32%. As the figure shows, the 
rate of mortality varies very much (from 0% to 100%); there 
is no definite increase in mortality at the end of the uncleaved 
stage. We may divide the uncleaved stage into four nearly equal 
periods, viz.: 1°. from egg deposition to first polar body formation, 
2°. from first to second polar body, 3°. one hour after second 
polar body, 4°. one hour before first cleavage, and determine 
the total mortality in these periods (Table 1). 


TABLE 1 

ae | “Dead or 1 
ny O/ 
Periods | Eggs | FOR Ghemy His 
I. Deposition to 1.p.b. 1090 BON: 29 
hitsrF to, 2. p./bi 713 281 | 39 
JIl. th. after 2.p.b. 667 228 34 
IV. th. before 1.cleav. 723 187 26 


The table shows that the rate of mortality shows some differ- 
ence in these four periods, being highest during maturation, 
lower before and after this period; the differences are, however, 
small, and it is not certain that they have a real value. 

- In comparison with this, 8 normal egg-masses, containing 458 
eggs, showed a mean mortality of 23%, varying between 5% 
and 50%. 

Our results show that the injurious effects of centrifuging up- 
on development are small, and not very dependent upon the 
stage of operation. Perhaps centrifuging is most injurious during 
polar body formation. It can be stated with certainty, however, 
that there is no increase in mortality up to the time 
of first cleavage; rather, the reverse is true. This is in contra- 
diction with the conclusions of CONKLIN, who saw an increase 
in the injurious effects of centrifuging from the time of the first 
maturation to that of the first cleavage. The tables given by 
ConkKLIN show, however, that the number of his experiments is 
far too small to justify such a conclusion. With Limnaea catasco- 
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pium, only 3 egg-masses were centrifuged after the beginning of 
maturation; with Physa ancillaria the number of experiments is 
larger, but in most cases the exact stage of the eggs at the time of 
centrifuging and the precise number of normal as compared 
with abnormal embryos is not recorded; moreover, the length 
of time during which the eggs were centrifuged was varied 
considerably, which makes a comparison of the results difficult. 

ConkKLIN’s experiments were repeated and extended by 
CLEMENT (1938), using Physa heterostropha. This author states that 
“the effects of centrifuging .... are least injurious just after 
the completion of maturation and most injurious just before the 
first cleavage”. Though CLEMENT’s eggs were centrifuged for 
10 minutes at 6300 x gravity, and his experiments are, therefore, 
not directly comparable with ours, his table 3 shows that the 
number of his experiments is far too small: only 379 eggs form 
the basis of his conclusion. We know by experience that such a 
small number of experiments may lead to misleading conclusions. 


THE STRUCTURE OF CENTRIFUGED EGGS 


The zones of substances, as seen in eggs centrifuged at different 
moments during the uncleaved stage, are shown in fig. 2. The 
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Fig. 2. Eggs of Limnaea stagnalis, centrifuged at different moments during 

the uncleaved stage. a. 20 minutes before formation of first polar body; 

b. 15 minutes; c. 35 minutes after first polar body; d. 10 minutes; e. 50 minutes; 

Ff. 80 minutes; g. 95 minutes; 2. 110 minutes after formation of second 
polar body. 


THE EFFECT OF CENTRIFUGAL FORCE ETC. 263 


first of these was centrifuged 20 minutes before the extrusion 
of the first polar body, the others successively later; the last of 
the series was centrifuged shortly before the beginning of 
cleavage. 

The figure shows that eggs centrifuged before maturation have 
a distinct stratification into 3 zones: a centripetal zone, dark in 
transmitted light, white in reflected light, corresponding to 
ConkKLIN’s “gray substance”; a centrifugal zone, somewhat less 
dense in transmitted light, yellow in reflected light, ConxK.in’s 
“yellow substance”; and an intermediate zone of clear proto- 
plasm, often showing a radiating aster, indicating the position 
of the maturation spindle. In the eggs centrifuged before matu- 
ration, this zone is rather broad, and almost perfectly trans- 
parent; it is sharply separated from the gray and the yellow 
substance. 

In eggs centrifuged at a later stage with the same centrifugal 
force, the aspect is different. In the first place, the separation 
of the substances is less complete; the clear zone is less trans- 
parent, and contains a large number of yolk granules and fat 
droplets. At the same time, the clear zone is narrower; in the 
eggs centrifuged 50 minutes after the formation of the second 
polar body it is hardly visible, the gray and yellow materials 
nearly composing the whole of the egg. Then, up to the end of 
the uncleaved stage, the substances are separated better again. 
This variation in the rate of stratification is an indication of 
important changes in the physical state of the egg protoplasm; 
it may be due to increasing viscosity of the protoplasm, attaining 
its maximum about one hour after the formation of the second 
polar body, then decreasing again in some degree. On the other 
hand, a change in the specific gravities of the egg substances 
during development might be responsible for the effect. The- 
occurrence of such a change was concluded by Conxk.in from 
his observations on the rapidity of orientation of centrifuged 
eggs: until the first maturation, these eggs orient rapidly, with 
the yellow pole down; after maturation, the eggs orient more 
slowly. 

Secondly, the figure shows that the relative proportions of 
gray, clear and yellow substances undergo considerable changes 
during the uncleayed stage of the egg. At first, the gray substance 
composes only a small cap of the egg; it is very compact, and 
sharply separated from the clear substance. After maturation 
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it increases in quantity, and becomes vacuolar in appearance, 
_ consisting of many small droplets loosely packed; at the end 
of the uncleaved period it constitutes about one-half of the entire 
egg. On the contrary, the yellow substance, which at first 
composes about one-half of the egg, decreases during develop- 
ment, and just before the first cleavage forms only about one- 
quarter of the egg. These changes are accompanied by a differ- 
ence in shape of the entire egg. At first, this is pear-shaped with 
point directed upward (centripetally); at later stages, the centri- 
petal half of the egg is larger in transverse diameter than the 
centrifugal half. 

These changes in the relative proportions of the egg substances 
‘were observed already by Conxkiin (1910) and by CLEMENT 
(1938). CoNnKLIN explains them by a dissolution of the yellow 
substance, and its transformation into clear and gray substance. 

Another interpretation of the facts is given by CLEMENT: the 
— increase in quantity of the gray material is due to an accumu- 
lation of large vacuoles in this region; these are probably watery 
in composition. They arise by transformation of unpigmented 
granules; at first, these granules have a great specific gravity, 
and segregate, therefore, at the heavy pole of eggs centrifuged 
just after laying. Through a swelling process, they transform into 
the vacuoles; now, their specific gravity is so lessened that they 
come to occupy the light end of the centrifuged egg. At the 
same time, the volume of the egg increases through an absorp- 
tion of water; this increase is roughly equivalent to the estimated 
volume of the vacuoles formed in the egg. 

In Limnaea, the increase in quantity of the gray material is 
accompanied by the appearance of a large number of vacuoles, 
too. In eggs centrifuged before maturation, this part of the egg 
(zone 1) in sections is sharply separated from the clear proto- 
plasm (zone 2) (plate III); in eggs centrifuged after maturation, 
zone I shows a vacuolar appearance and a gradual transition 
into zone 2 (plate IV). When these eggs are treated with Sudan III 
(cf. below), the contents of the vacuoles remains unstained; in 
the meshes between the vacuoles, however, small fat droplets 
are.accumulated, which show a bright red coloration. This proves, 
that in Limnaea, too, these vacuoles are, probably, watery in 
composition. As will. be described below, the origin of these 
vacuoles in Limnaea is comparable to that in Physa; they arise 
by transformation of the y-granules (cf. below p. 268). With the 
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Egg of Limnaea stagnalis, centrifuged immediately after deposition and 
fixed shortly afterwards (FS 1). 
1. Fat zone. 2. Zone of hyaloplasm. 3. Zone of x-granules. 4. Zone of albu- 
minous yolk (a and 6b: the two parts of it). 
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Egg of Limnaea stagnalis, centrifuged 15 minutes after formation of second 

polar body and fixed-shortly afterwards (DE 1). 1. Vacuolated fat zone. 

2. Hyaloplasm. 3. Layer of z-granules. 4. Albuminous yolk. e.n. Karyomeres 
of egg nucleus. ~.b. polar bodies. 
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centrifugal force applied usually, these granules in the eggs 
centrifuged before maturation are accumulated in the centrifugal 
part of the egg, scattered between the (-granules of the albu- 
minous yolk. With stronger centrifugation (15 min. at 4500 
revolutions per minute) they segregate, however, in the most 
centrifugal part of the ces, as in the eggs of Physa in the experi- 
ments of CLEMENT. 

Plate III is a section of an egg centrifuged immediately after 
deposition. The egg protoplasm shows a stratification into four 
zones. The first of these, at the centripetal end, corresponds to 
the gray substance visible in unsectioned eggs; the second to the 
zone of clear protoplasm. Then follows a narrow layer of small 
granules, not visible in the living egg; lastly, a thick mass of large 
granules, which composes the centrifugal end of the egg. 

In eggs centrifuged after maturation, these same four zones 
can be distinguished (plate IV). However, as noted above, in such 
eggs there is no sharp boundary between zones 1 and 2. 

Concerning the nature of the substances forming these four 
zones of the centrifuged egg, the following observations were 
made. Centrifuged eggs were fixed in formalin, then treated 
with various fat stains (Sudan III, Scharlach). In these eggs, 
only zone 1 takes the stain, and shows a bright red coloration 
(fig. 3). As this zone, furthermore, blackens with osmic acid, it 
may be concluded that it consists, mainly, of fatty materials, 
at least in eggs centrifuged before maturation. As the reaction 
of LiEBERMANN-BURCHARDT-SCHULTZE is negative, whereas with 
the reaction of Lorrain SmirH this zone shows a light red color, 
it seems that it contains especially trioleine, or other unsaturated 
eglycerides (cf. Lison 1936, p. 203). 

In paraffin sections of eggs centrifuged before maturation zone 
I is nearly empty, the fat being dissolved during the preparation 
of the sections. At the periphery, a narrow band of protoplasm 
is left, and some fine protoplasmic threads may cross the empty 
space (plate III). In eggs centrifuged after maturation, this zone 
is vacuolar in appearance, containing many nearly round 
vacuoles enclosed in a protoplasmic network (plate IV). The 
vacuoles are accumulated at the centripetal end, becoming less 
numerous as zone I passes into zone 2. Most of the vacuoles 
contain a rather large granule, staining black with iron hema- 
toxylin, and red with azan; probably, this is the y-granule, which 
has given rise to the vacuole in the manner described below 
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(p. 268). As noted above, these vacuoles are, probably, watery 
in composition, the fat droplets lying in these eggs in the meshes 
. between the vacuoles. 

Zone 2 in paraffin sections consists of a rather dense proto- 
plasm, being somewhat filamentous in appearance in eggs fixed 
in Bouin’s fluid. In most eggs, it contains the egg-nucleus or the 
maturation spindle (plates [V, V, VI), though in some cases this 
may lie in the third, ofeven partly in the fourth zone. In eggs centri- 
fuged before maturation zone 2 is sharply separated from the 
adjacent zones, and nearly devoid of visible inclusions; it may 
contain some scattered yolk granules only. After maturation, 
as stated above, its separation from zone I is not sharp; scattered 
vacuoles may be found in the major part of zone 2 (plate IV). 

It could be demonstrated histochemically that glutathion in 
the centrifuged eggs is accumulated in zone 2 (fig. 3). This 
corresponds to its distribution in normal eggs, where it surrounds 
the nucleus, as will be shown in another paper. 

Zone 3 is a narrow band of very small granules (x-granules), 
staining violet blue with iron hematoxylin, and orange red with 
azan. It corresponds in situation and appearance to the third 
zone in the egg of Physa, after CLEMENT (1938). In Limnaea, too, 
these granules stain selectively with acid fuchsin in sections 
prepared according to the Altmann technique for mitochondria; 
it is probable, therefore, that they are mitochondria. As, however, 
these granules cannot be demonstrated in sections of eggs, fixed 
in Champy and stained after Benda, some doubt as to their 
nature remains. Therefore, we prefer to call them z-granules. 

The histochemical reactions employed by us show that this 
zone of z-granules constitutes a very important part of the egg 
protoplasm. In it are accumulated the indophenol-blue-oxydase 
and benzidine-peroxydase (fig. 3); the glycogen of the egg is 
concentrated in this zone, too. The reaction of Grroup & 
Lresionp for the detection of vitamin C furnished uncertain 
results only; however, in some cases a vestigial ring of small 
black granules, corresponding in site to zone 3, could be made 
out with some difficulty. So it appears that most of the physio- 
logically active substances of the egg protoplasm are bound to 
this zone of 2-granules. 

Zone 4, composing the centrifugal part of the egg, consists of 
a dense mass of rather large granules (4-granules). In sections 
stained with iron hematoxylin and eosin, these granules are red; 
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after staining with azan they are dark blue. Scattered among 
the (-granules are very large y-granules, staining deep black 
with iron hematoxylin, and orange red with azan; in sections 
stained with iron hematoxylin and eosin some of them have a 
speckled appearance, being partly red and partly black. 


a 


N 


Fig. 3. Histochemical reactions with centrifuged eggs of Limnaea stagnalis. 
Distribution of a. fat. b. benzidine peroxydase. c. indophenol blue oxydase. 
d. glutathion. e. glycogen. 


In most eggs, the fourth zone can be subdivided into two 
parts: a denser layer along zone 3 (zone 4a), and a centrifugal 
cap, where the distribution of the granules is less dense (40). 

Evidently, the 6-granules represent the albuminous yolk of the 
egg; with Millon’s reagens they stain red. We agree with 
CLEMENT that the opinion of GATENBY (1919), who considered 
them to be mitochondria, cannot be maintained. In the living 
egg, this mass of yolk is yellow in color; we could not yet deter- 
mine whether this color is due to pigment granules scattered 
within the yolk mass, or to a coloration of the yolk granules 
themselves. With the highest magnifications used, no distinct 
pigment granules could be observed between the yolk granules. 
As the yellow pigment is highly resistant against strong acids, 
but is discolored by oxydants, like Cl,, it belongs, probably, to 
the group of melanines. 

The 7-granules are to be considered as a special element, 
destined to give rise to vacuoles by an absorbtion of water. As 
noted above (p. 265), before maturation these y-granules have a 
great specific gravity; after strong centrifugation they are 
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segregated at the centrifugal end of the egg. With the centrifugal 
force applied usually, they may be found in more centripetal 
regions of zone 4. 
In sections of eggs centrifuged after maturation, part of itie 
y-granules may be surrounded by a clear space; probably, this. 
indicates the beginning formation of vacuoles originating from 
‘these granules, as admitted by Cremenr. Often, these young 
vacuoles are heaped up at the boundary between zones 3 and 4 
(plate IV). As the volume of these increases and their specific 
gravity is decreasing accordingly, they are accumulated more 
and more at the centripetal end of the egg. So, in such eggs, a 
gradual transition between 7-granules and large vacuoles, from 
one end of the egg to the other, may be seen (plate IV). It should 
be noted, that the formation of the vacuoles is not accompanied 
by the disappearance of the 7-granules; on the contrary, even 
in the largest vacuoles the granule is retained. Thus, the vacuoles 
do not arise from the granules by a process of liquefaction or 
swelling; rather, the j-granules seem to attract water from the 
neighboring protoplasm and, in that way, are surrounded by a 
mantle of fluid. Of course, it is possible that a part of the sub- 
stance of the granules is dissolved during the formation of the 
vacuoles, or that a swelling of the granules occurs; as a matter 
of fact, however, no regular differences in diameter between the 
original y-granules and those contained in the vacuoles could 
be demonstrated. The fact that the granules are not thrown out 
of the vacuoles during centrifuging, but move together with the 
surrounding fluid to the centripetal end of the egg, might be 
an indication, however, that some swelling process and a 
corresponding decrease in the specific gravity of the granules 
has occurred. 

As to the nature of the y-granules, nothing definite could be 
made out; from their staining reactions, however, it seems 
probable that they are albuminous in nature. 

It has been found by one of us that in the eggs of Nereis, 
Chaetopterus and Aplysia the albuminous yolk shows an acid 
reaction, when treated with vital dyes, whereas alkaline sub- 
stances are accumulated in the hyaloplasm or fat zone of 
centrifuged eggs (RAVEN 1938). In Limnaea, such differences in 
pH of the egg substances could not be demonstrated. When 
treated with vital dyes (neutral red, nile blue chlorhydrate, 
brilliant cresyl violet), the eggs are rather weakly colored; no 
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Egg of Limnaea stagnalis, centrifuged just after laying and fixed 20 minutes 
later (FS 1). Beginning derangement of the stratification. 
= 1-4. The 4 zones of the egg. 
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Egg of Limnaea stagnalis, centrifuged just after laying and fixed one 
hour later (AO 1). Derangement of the layers by maturation aster. 3. Layer 
of z-granules. 4. Albumen zone. m.c. Maturation cone. marg.pr. marginal 

layer of protoplasm. 
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color differences, ascribable to variations in pH in the egg, 
were observed. Also, in normal eggs of Limnaea no “bipolar 
differentation”’ in the sence of SPEK occurs, as will be shown in 
another contribution. 


THE FATE OF THE DISPLACED SUBSTANCES 


By tracing the development of single eggs, centrifuged just 
after egg deposition, considerable changes in the distribution of 
the egg substances can be observed (fig. 4). Till maturation the 
position of the displaced fatty and albuminous materials remains 
unchanged. Then, with the beginning of the first maturation 
division, protoplasmic currents occur, directed at the site of 
polar body formation. Streams of fat droplets and yolk granules 
flow through the zone of clear protoplasm. The boundaries 
between the three visible zones of the egg loose their sharpness, 
fat droplets and albumen granules penetrate into the plasm 
zone, that becomes narrower and narrower. At last, this zone 
is wholly absorbed by the two adjacent zones, progressing from 
both sides and meeting in the middle. After this, the spreading 
of the egg inclusions continues, leading to an interpenetration of 
both substances. 

These observations show that the egg substances, which 
are displaced by centrifugation, do not remain in 
their positions, but are redistributed over the egg, 


Fig. 4. The distribution of substances in a centrifuged egg of Limnaea 
stagnalis during further development of the egg (G 1). 
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tending to a restoration of their normal arrangement. 
They are confirmed by other experiments, in which the distri- 
bution of special substances (enzymes, glutathion) was studied 
at different times after centrifugation; it could be demonstrated 
that. these substances, too, in a relatively short time are re- 
dispersed over the egg. Furthermore, one can follow this process 
in sections of eggs, centrifuged before maturation, and fixed at 
regular intervals. ° 

Plate V is a section of an egg, centrifuged just after laying and 
fixed 20 minutes later. The four zones of substances are distinct. 
In the plasm zone an aster is to be seen; it forms one of the ends 
of the maturation spindle, which is not included in the section. 
In this region the first sign of a derangement of the stratification 
can be observed; zone 3, and to a lesser extent also zone 4, 
show an indentation corresponding to the extension of the aster. 
The «-granules, originally forming this part of zone 3, may be 
seen lying somewhat deeper, between the albumen granules of 
zone 4. It appears, thus, that these z-granules were pushed aside 
and displaced by the extension of the astral rays. 

Plate VI is a section of an egg, centrifuged just after laying and 
fixed one hour later, during the formation of the first polar body. 
The maturation spindle is sectioned nearly longitudinally. Its 
distal pole is lying in a conical prominence of the egg, the 
beginning of the first polar body. At the other extremity of the 
spindle, a large aster is formed, extending through the plasm 
zone of the egg. Near this spindle-pole, a couple of anaphase 
chromosomes is visible. With the exception of the fat zone, which 
is not included in the section, the layers of substances are 
distinct; but their original orientation has changed considerably. 
There is no longer a sharp boundary between zones 3 and 4; 
an intermingling of z- and 6-granules has taken place at a large 
extent. Furthermore, the boundary-lines between the zones are 
no longer straight; the zones 3 and 4 are curved around the 
centre of the aster. This suggests a displacing action of the aster 
upon the egg materials forming these zones. As a matter of fact, 
the astral rays penetrate somewhat into zone 3; in this region, 
the a-granules are arranged in rows, lying in the spaces between 
the astral rays. 

It should be noted that the most peripheral layer of the egg 
does not share in the stratification of the egg, a fact, which is 
very clear in this section. It consists of a dense protoplasm, 
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Egg of Limnaea stagnalis, centrifuged just after laying and fixed 4 hours 
later (AO v). Readjustment of the egg substances nearly completed. 
Pron. pronuclei in prophase. P.b. polar bodies. 
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staining blue in azan, which has a nearly equal thickness every- 
where, with the exception of the maturation cone, where it has 
thickened considerably. 

In eggs of this same batch, fixed 80, 120 and 210 minutes 
after centrifugation, respectively, the gradual readjustment of 
the egg contents could be followed, The stratification becomes 
less and less distinct; the intermingling of the egg substances 
leads to a nearly total disappearance of the former zones. The 
last eggs of this batch, fixed 4 hours after centrifuging, i.e: 10 
minutes before the beginning of cleavage, show a nearly 
homogeneous egg protoplasm (plate VII). A dark band, traversing 
the egg from the region of the animal pole to a point at the side 
is perhaps a last indication of the original stratification of the 
egg. The protoplasm shows an alveolar structure; the various 
granules are distributed nearly equally throughout the egg. 

So we may conclude, that in eggs centrifuged before 
maturation, a nearly normal distribution of sub- 
stances has been restored before the beginning of 
cleavage. It is, therefore, not astonishing, that such eggs 
develop normally. A 

How is it, however, when we consider the distribution of 
substances in eggs centrifuged shortly before the first cleavage? 
We may expect, that in these eggs, too, the formation of spindles 
and asters and the protoplasmic currents accompanying the 
cleavage divisions will lead to a derangement of the original 
stratification and an intermingling of the egg substances. On the 
other hand, it might be expected, that the formation of the 
cleavage planes will stop a further interchange of substances 
between the cells and obstruct, therefore, the readjustment of 
the egg substances. As we have seen, however, such eggs may 
develop normally in a large percentage of cases. 

Though we have not yet extensively studied the development 
of eggs centrifuged shortly before cleavage, some of our observa- 
tions may throw some light on this problem. 

Fig. 5 shows some eggs, centrifuged shortly before cleavage 
and fixed at various cleavage-stages; they were treated with 
Scharlach. Fig. 5) is an egg, fixed at the 8-cell stage; the fatty 
materials are heaped up in the macromeres in the neighborhood 
of the vegetative pole of the egg. Small fat droplets, scattered 
throughout the protoplasm of the micromeres and of the animal 
part of the macromeres, probably have been displaced during 
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Fig. 5. Centrifuged eggs of Limnaea, stained with Scharlach. Distribution 
of fat during further development. 


the first cleavage divisions. Fig. 5c-e show 3 eggs at a later 
stage of cleavage. The fatty materials are no longer accumulated 
in a definite mass at the surface of the egg, but are distributed 
over many cells; in the latter, they extend mainly along the 
cleavage furrows. This picture is very suggestive as to the 
manner, in which the redistribution of the fat substances takes 
place; probably, they are drawn out along the cleavage furrows, 
when these are cutting through the egg. 

In this manner, the fat is dispersed over a larger region of the 
embryo; many of the cells of the embryo obtain a part of it. 
In other cells, however, no or only very little fat is included; 
in this way, therefore, no equal distribution of materials can 
be attained. However, in the blastula stage another process 
occurs. During cleavage, the fat droplets remain in a superficial 
position within the cells; now, they retire to deeper parts, where 
the cells of the blastula extend to the centre of the egg with 
conical prominences. It is, therefore, very difficult to determine 
precisely the position of the fatty materials, and the processes 
occurring in the central part of the embryo. However, some 2 
days later, with the formation of the trochophore stage of 


development, it is easier again to demonstrate the fat droplets 
within the embryo. 
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The total fat content of the embryo has diminished con- 
siderably; apparently, part of the fatty materials have been 
consumed in cell metabolism. However, the fat droplets left are 
found at definite places in all embryos, irrespective of the region 
of the egg, where the fat had been accumulated during centri- 
fugation: 1°. at the ventral border of the shell gland; 2°. in the 
stomodaeum at the entrance into the radular sack; 3°. in smaller 
quantity also in the margin of the mantle fold. Further, in normal 
embryos of this age, the location of the fat droplets is the same. 
As a matter of fact, the demonstration of the fat droplets in 
normal embryos is, as a rule, less easy than in experimental 
animals; probably, the fatty materials in normal embryos are 
more finely dispersed, whereas in centrifuged embryos the fat 
granules have fused to larger droplets and are, therefore, better 
seen. In many cases, however, an accumulation of small fat 
granules in the shell gland, the stomodaeum and the mantle 
fold of normal trochophores could be observed. 

Thus, the distribution of the fatty materials in 
embryos developed from centrifuged eggs at the 
trochophore stage corresponds to that in normal 
embryos, irrespective of their abnormal position just after 
centrifuging and in young cleavage stages. It must be concluded, 
then, that a regulation process has taken place, as the fatty 
substances have been transported from their original location to 
the places where they are found in trochophores. It is highly 
probable that a transport of these substances through the 
cell walls must have taken place; perhaps, this interchange of 
substances occurs in the blastula stage between the central 
processes of the cells. 

With this in mind, it is now possible to get a better under- 
standing of the normal development of eggs centrifuged shortly 
before cleavage. If, as it appears to be the case, the cell walls 
form no absolute obstruction for an interchange of substances 
between the cells of the embryo, the development of these eggs 
offers no special problems, as compared to the development of 
eggs centrifuged at an earlier stage. In both cases, we may 
assume that the factors, which are responsible for the localisation 
of substances in normal eggs (and which, as we have seen above, 
are located, probably, in the relatively immovable egg cortex, 
not displaced by the action of centrifugal force), continue to 
work in centrifuged eggs till a rather late stage of development, 
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and, in this way, bring back to their normal place the substances 
displaced during centrifuging. 


DISCUSSION 


1. When unsegmented eggs of Limnaea stagnalis are centrifuged 
during 5 minutes at a velocity of 3800 revolutions per minute, 
the injurious effects of centrifuging on development 
are not very dependent upon the stage of operation. 
This is in contradiction to the statements of CONKLIN (1910) 
and CLEMENT (1938), which were, however, based upon too 
small a number of experiments. Of course, the conclusions drawn 
by Conkuin from his observations relative to this point have 
lost their value, too. CoNKLIN explained the increase in the 
injurious effects of centrifuging as the egg approaches the first 
cleavage by a) increasing differentiation of the egg, and )d) 
decreasing opportunities for readjustment of displaced sub- 
stances. As, however, such an increase in the injurious effects 
of centrifuging cannot be demonstrated in our experiments, the 
latter lend no support to the hypothesis of an in- 
creasing differentiation of the odplasm between the 
maturation and the first cleavage. Furthermore, our observations 
on the distribution of fat in embryos from eggs, centrifuged 
between maturation and first cleavage, seem to show that the 
formation of the cell walls during cleavage does not interrupt 
the processes leading to a readjustment of the egg substances. 

2. It could be demonstrated that many substances, playing 
an important part in cell metabolism (enzymes, glutathion, 
vitamin C), are displaced during centrifuging, and accumulated 
in special zones of the centrifuged egg. If we assume, that these 
substances have something to do with the determination of the 
cells (a hypothesis, which is very probable in the light of the 
experiments of Ries and LeHMann, referred to above), normal 
development is dependent upon the readjustment of these 
substances during further development. Our observations show 
that, in fact, such a redistribution of substances occurs. 

3. The study of whole centrifuged eggs reveals that the 
stratification of the egg into “gray”, “clear” and “yellow 
substances”’ does not persist indefinitely, but that the gray and 
yellow substances mingle with the clear zone, so that the latter 
has disappeared totally some hours after centrifugation. This 
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was observed by ConkLIn, too; as a matter of fact, however, 
in his figures 34—45 this redistribution of substances has not been 
represented. A sharp separation of the three zones of the egg 
has been drawn, even in those figures, which represent rotating 
embryos. It is deplorable that exactly these misleading drawings 
have found their way into many compendia and hand books. 
If they were right, they would fully justify the conclusion of 
Conk.in that “the differently colored substances of these eggs 
are not “organforming”’....”, that “the gray and yellow 
substances are mere inclusions in the protoplasm and _ that 
neither are essential to development’. But they are wrong and 
misleading; CONKLIN himself describes the rearrangement of the 
gray and yellow materials, leading to the disappearance of the 
clear zone. And our sections show that this readjustment takes 
place in a far larger measure still than can be observed in whole 
living eggs, so that in eggs centrifuged shortly after laying 
a nearly homogeneous distribution of substances 
has been attained again before the beginning of 
cleavage. With this in mind, it is clear that the conclusions 
of ConxKLIN are not justified. If the “gray” and “yellow materials” 
(i.e. the fat droplets and albumen granules) in centrifuged eggs 
spread evenly through the egg protoplasm, so that the structure 
of normal eggs is restored, it is impossible to draw any conclusions 
about the part they play in development. 

How, then, has ConkKLIN been mislead to such false statements? 
Our observations give us a clue to answer this question. CONKLIN 
only studied living and unsectioned eggs. Now, in such eggs the 
fat zone, as stated above, is white in reflected light, the albumen 
zone yellow. So, after the disappearance of the clear zone, the 
egg consists of a white and a yellow half, differing somewhat in 
size dependent upon the stage of operation. At further develop- 
ment, this appearance is retained during some days; part of the 
surface of the embryo is white, suggesting the presence of a large 
mass of fat at this place. If, however, such an embryo is sectioned, 
or treated with Sudan III, it becomes evident that the fatty 
substances have been dispersed largely; no accumulation of fat, 
or only a small quantity of fat granules, can be demonstrated 
at the white spot. It is evident, then, that the appearance of the 
whole egg can give but an imperfect impression of its real 
composition. It is probable that yellow pigment granules and 
small fat droplets adhere to the egg cortex in the region of the 
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albumen and fat zone of centrifuged eggs; they stay there, when 
the redistribution of substances occurs, and imitate in this way 
a stratification, which has disappeared since some time. 

4. Our observations prove the readjustment of the egg 
substances displaced by centrifuging. It should be clear that in 
this readjustment two different processes are involved. First, 
there is the dispersion of the substances accumulated during 
centrifuging, leading to an equal or nearly equal distribution 
throughout the egg protoplasm. We have observed this disper- 
sion, studying the development of whole living centrifuged eggs; 
we have followed it in sections of eggs, fixed at different times 
after centrifuging; moreover, we have demonstrated it for special 
substances, detectable by histochemical methods in the egg. 

Secondly, however, we have to distinguish another process, 
that is, in some respect, the contrary of the first-named. If, as 
was admitted by us, some of the substances displaced by centri- 
fuging have something to do with the determination of the cells, 
a localisation of these substances in special parts of the embryo 
will take place in normal development. We must assume, then, 
that normal development of centrifuged eggs is dependent upon 
a normal localisation of these substances. Readjustment of the 
egg materials, therefore, does not only involve their dispersion 
after centrifuging, but also the localisation of determi- 
native substances, bringing about the “chemo-differentia- 
tion” of the egg. 

It will remembered that in trochophores, developed from 
centrifuged eggs, the distribution of fat droplets was found to 
resemble that in normal trochophores, irrespective of the 
original position of the fat zone after centrifuging. In this 
instance, thus, the accumulation of a substance in its normal 
localisation, after its initial dispersion through the egg, could 
be clearly demonstrated. It is to be expected that the same will 
hold for other substances of the egg protoplasm. To prove this, 
it will be necessary, first, to make an extensive study of the 
localisation of substances during normal development, as far as 
this is possible with our present methods. This will be the 
object of another paper. 
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Summary 


1. Unsegmented eggs of Limnaea stagnalis were centrifuged 
during 5 minutes at a velocity of 3800 revolutions per minute. 


2. ‘The injurious effects of centrifugation on development are 
small, and not very dependent upon the stage of operation. 
68%, of the centrifuged eggs develop into normal little snails. 


3. The rate of stratification and the relative proportions of 
the zones of the stratified egg vary with the stage of operation; 
evidently, important changes in the physical and chemical 
composition of the egg protoplasm occur during the uncleaved 
stage of the egg. 


4. The centrifuged eggs are stratified into four zones. The 
centripetal zone of the egg consists, mainly, of fat, especially 
unsaturated glycerides. Its structure varies with the stage of 
operation. The second zone is composed of hyaloplasm; in most 
eggs, it contains the egg nucleus or maturation spindle. The 
hyaloplasm contains glutathion. The third zone is a narrow 
band of small granules, probably mitochondria; indophenol- 
blue-oxydase, benzidine-peroxydase and glycogen and, perhaps, 
vitamin C are accumulated in this zone. The fourth, centrifugal, 
zone of the egg consists of albumen granules; furthermore, it 
contains special large granules, destined to transform into 
vacuoles. 


5. At further development a readjustment of the substances 
displaced by centrifugation takes place. First, the accumulated 
materials disperse through the egg, leading to an equal distri- 
bution of substances throughout the protoplasm. Secondly, 
a localisation of special substances occurs, bringing about the 
chemo-differentiation of the egg. This redistribution of substances 
is not completely obstructed by the formation of the cell walls, 
but may continue after the beginning of cleavage. 
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ON THE NOMENCLATURE OF SOME 
FOSSIL HIPPOPOTAMI 


BY 


D. A. HOOIJER 


RIJKSMUSEUM VAN NATUURLIJKE HISTORIE, LEIDEN 


In 1804 Cuvier published a note on some fossil remains of 
hippopotami from Montpellier and the Val d’Arno, among 
which he distinguished a large and a small form. Only Cuvier’s 
“grand Hippopotame fossile” will be dealt with here. At first 
Cuvier could not separate it from the recent species (CUVIER, 
1804, p- 99). . 

In 1820 the Muséum d’Histoire Naturelle in Paris received a 
recent adult hippopotamus skeleton, the first to arrive in Europe, 
from an animal shot by DELALANDE at the lower Berg river, 40 
miles from Cape Town. In the second edition of his “Ossemens 
fossiles’ Cuvier gave a careful description of this skeleton; a 
comparison with the fossil bones he had received in the meantime 
gave evidence that these bones were too large to belong to the 
recent species (CuvikER, 1821, p. 315). It was not until 1824 that 
Cuvier proposed the scientific name Hippopotamus major (CUVIER, 
1824, p. 527). Iwo years earlier, however, the specific name 
Hippopotamus antiquus was given by DEsMAREST (1822, p. 388) 
to the animal originally described by Cuvirr as “grand Hippopo- 
tame fossile’. As DEsMAREsT’s note includes a description and 
a. reference to Cuvier’s publication, Hippopotamus antiquus 
Desmarest is the valid name according to the Rules of Zoological 
Nomenclature. There is some confusion as to the author’s name; 
Cuvier is cited as the author of Hippopotamus antiquus by LEsson 
(1827, p. 342), FiscHER (1829, p. 426), FALCONER and CAUTLEY 
(1836, p. 51) and FaLconer (1868, p. 140). This species, which 
is now known to have inhabited Europe in the pleistocene 
period, S of the line about connecting Yorkshire, Antwerp, 
Mosbach, Aargau, Pressburg, is so closely related to Hippopo- 
tamus amphibius L. that many authors do not regard it as a 
distinct species, e.g., BLAINVILLE (1847, p. 61), LYDEKKER 
(1885, p. 277), Dawkins (vide Major, 1885, p. 8), BouLe 
(1910, p. 193) and REyNoxps (1922). The latter gives a review 
of the literature. 
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The major difference between antiquus and amphibius, however, 
. is that of the size of the teeth, especially the lower C and |,, 
which in the fossil species occasionally reach diameters, larger 
than ever found in amphibius. 

There is some uncertainty about the priority ‘of the name 
Hippopotamus antiquus Desm. BLAINVILLE (1847, p. 55 footnote) 
remarks that FiscHER has used the specific name maximus before 
Cuvier had published the name major. In SHERBORN (1928, 
P- 3925) Hippopotamus maximus is mentioned, but the only 
reference given is BLAINVILLE (1847, p. 55)! According to 
SHERBORN (l.c., p. 3765) FiscHER is the author of Hippopotamus 
macrodon (FiscHER, G., 1814. Zoognosia tabulis synopticis illus- 
trata, ed. 3, III, p. 331, non vidi), which just as Hippopotamus 
magnus Rafinesque (Specchio d. Sci. e Giorn. Enciclop. di 
Sicilia II (12), Dec. 1814, p. 183, non vidi) might apply to the 
Hippopotamus antiquus of DESMAREST. 

Bronn (1848, p. 589) mentions the name Hippopotamus major 
and gives the following references: “Nestr i Atti Moden. XVIII, 
415; — Cuv. oss. I, 304, t. 1, f. 1-5, t. 2, f. 1, 2; 10, ty 4, £14, 
t. 5, f. 1-15, 17, t. 6, f. 1-15”. Nestr’s publication was not 
available to me, but Prof. G. Dat Praz, Turin, kindly informed 
me that Nestr only used the name Ippopotamo Maggiore, and 
not Hippopotamus major. This is in accordance with a reference 
to Ippopotamo maggiore by FiscHER (1829, p. 426). Moreover 
TROUESSART (1898) does not mention Nesti as the author of a 
scientific name of a hippopotamus. The citations of Cuvier in 
Bronn do. not refer to a scientific name but to the fossil named 
by Cuvier: “grand Hippopotame fossile’’. 

However this*may be, the fact that DrsMAREsT used the name 
Hippopotamus antiquus in 1822 makes the further use of this name 
invalid for species of the genus Hippopotamus described since 1822. 

The name Hippopotamus antiquus is mentioned by Lesson (1827, 
P- 342), FiscHer (1820, p. 426), FALCONER and CAUTLEY (1836, 
p- 51), Fatconer (1868, p. 140) and Woopwarp (1886, p. 115). 
It is regarded as a synonym of H. major by BLAINVILLE (1847, 
p- 55) and Bronn (1848, p. 589); we find it in the synonymy 
of H. amphibius in LypEKKER (1885, p. 277) and in TROUESSART 
(1898, p. 832; 1905, p. 665). 

Von Kornicswatp (1934, p. 192, pl. IV fig. 4) proposed the 
name Hippopotamus (Hexaprotodon) antiquus for a new species 
occurring with the lower pleistocene Djetis fauna of Java 
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(afterwards also found in the upper pliocene Kali Glagah fauna). 
From the foregoing it is evident that this specific name in 
reality is a homonym of Hippopotamus antiquus Desmarest, 1822, 
and as such must be rejected. 

As under the present circumstances it is impossible to com- 
municate with Dr. G. H. R. von Kornicswatp to inform him 
of the present case, and as it is desirable with regard to other 
researches that vON KoENIGSWALD’s species has a valid name, 
I propose the substitute name Hippopotamus koenigswaldi nom. 
nov. for Hippopotamus (Hexaprotodon) antiquus von Koenigswald, 
1934. A complete bibliographical reference to this species is 
given below. 


ENppopotamus koenigswaldi nom. nov. 


Hippopotamus (Hexaprotodon) antiquus von Koenigswald, De Ing. in 
Ned. Indié, vol. 1, pt. 11, sect. IV, 1934, p. 192, pl. IV fig. 4. 

Hippopotamus antiquus von Koenigswald, Proc. Kon. Ak. v. Wet. 
Amst., vol. XX XVII, 1934, p. 655, fig. 3, 4. 

Hippopotamus (Hexaprotodon) antiquus von Koenigswald, Proc. 
Kon. Ak. v. Wet. Amst., vol. XX XVIII, 1935, p. 193. (Djetis). 

Hippopotamus antiquus von Koenigswald, Id., p. 194. (Kali Glagah). 

Hippopotamus (Hexaprotodon) antiquus von Koenigswald, De Ing. 
in Ned. Indié, vol. 2, pt. 10, sect. IV, 1935, p. 86, fig. 3, 4. 

Htppopotamus| antiquus von Koenigswald, Tijdschr. K.N.A.G., 
ser. 2, vol. LII, 1935, p. 540. 

Hippopotamus antiquus von Koenigswald, Quartar, vol. 2, 1939, 
p. 30 (Kali Glagah). 

Hippopotamus (Hexaprotodon) antiquus von Koenigswald, Id., p. 35 
(Djetis). 
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I. INTRODUCTION 


Mytilus edulis L. occurs on the northern hemisphere on the 
coasts of the Atlantic Ocean, in Europe as well as in America. 
The mussels are restricted to the littoral zone (WHITE, 1937). 
In this area they are not regularly distributed, however, but 
form banks. This investigation is an effort to explain how this 
formation of banks is brought about. The work was carried out 
from July till October, 1939, at the Zoological Station of the 
Netherland Zoological Society, Den Helder. I am greatly 
indebted to Dr. J. VERwey, Director of the Station, for suggesting 
the subject to me, for his constructive criticism and help in the 
preparation of this paper. 
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II. PRELIMINARY OBSERVATIONS 


The Harbour of Den Helder, the Nieuwe Diep, retains its 
depth by means of a system of basalt dikes, the Leidam and the 
Vangdam. These dikes enclose muddy sandflats (see fig. 1 of 
KuENEN’s as well as of this paper), the so called Zuidwal, 
running dry for the greater part at low tide. The Zoological 
Station have been making thorough ecological investigations in 
this area during a number of years. To this end the flats have 
been divided, by means of concrete poles, into squares with 
sides of 200 m. The poles, standing on the angles of the squares, 
are drawn up in rows indicated by letters, whereas the poles. 
themselves bear figures. 


Fig. 1. Map of the Zuidwal Sands, compare also text and fig. 1 and 18 of 

KuEnen’s paper. Italic figures denote hectometer poles on Vangdam, A, B, G 

the rows of concrete poles, the upright figures the numbers of the latter. 

Underlined figures give the figures of the tiles laid out. Dotted area represents 
the bank of young, newly settled mussels. 


There have been mussel banks in this area for several years 
and they have served as material for an investigation into the 
causes of the distribution of Mytilus on these flats by KuENEN. 
Besides mussels especially the lower eastern part of the flats 
possesses a rich population of cockles (Cardium edule L.). The 
ecology of this species was studied by KREGER; during his 
investigation dense patches of these animals were lying chiefly 
near pole A6 and A7 and between Ay, C7, B8, Ag and the 
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Vangdam. These cockles, which according to KRrecEr chiefly 
belonged to the yearclass 1936, died for the greater part as a 
result of the severe frost of December, 1938. Many of them have 
been gradually laid bare by the current and the young mussels 
have attached themselves to them. In the beginning of July, 
1939, the length of these young mussels varied from almost 1 
to+ 5mm. 

The way in which the mussels are attached to these cockles 
is remarkable. From the sand upwards they form a girdle wholly 
or partly enclosing the Cardium shells. Sometimes the top of the 
shell is also covered. By the “top” I do not mean the umbo, 
but the part of the shell which accidentally projects farthest from 
the sand. The mussels sit close together without any intermediate 
space, their ventral side against the outside of the cockle. All 
umbones point downwards, those of the bottom row of mussels 
stick into the sand. As far as there is one single mussel on the 
convex ridged side of the cockle it is placed in a hollow between 
two ridges and not on the ridge. In this case too the umbo 
points downwards. 

When only one valve of the cockles projects partly from the 
sand the mussels are much more frequently found on the smooth 
inside than on the ridged outside. Here too they lie with the 
ventral side against the cockle. In the median line of the shell 
the umbones of the mussels point straight downwards, but 
towards the sides they make continually smaller angles with 
the horizontal. The longitudinal axes of the mussels may be 
compared to the slats of an outspread fan. The backside of each 
mussel protrudes from the cockle shell, so that ex- and inhalent 
apertures are free. 

Many cockles have the two valves wholly or partly opened 
and are stuck in the sand with the dorsal side upwards. Between 
the umbones mussels may occus, their ventral side now placed 
horizontally; consequently, the umbo does not point downwards. 
We may conclude from the growth of Enteromorpha on the cockle 
shell that the cockle has been lying like this for a long time, so 
that the position of the mussel cannot be accidental. 

The sandtubes of Lanice conchilega (Pall.), great numbers of 
which occur among the dead cockles, also bear young mussels. 
When for the sake of surveyability we restrict our attention to 
those tubes to which only a few mussels are attached we find 
their ventral side invariably pressed against the sandtubes. It 
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is on this side that the byssus protrudes from the foot. The young 
mussels which could not reach the sand stick between the others 
and their umbones point downwards as well. 

Mussels can be found in the same attitude in the grooves 
between the basalt blocks of the Vangdam or among the 
numerous specimens of Balanus balanoides (L.), or in its shell 
when the inhabitant has disappeared. Where the young mussels 
cover the substratum as a serried layer the umbo rarely points 
straight downwards. 

From one of the dolphins in the harbour a twisted steel cable 
hangs down into the water. The dense cluster of young mussels 
which have settled down on this cable shows a spiral twist. Apart 
from this cluster some mussels are scattered over the cable; 
without any exception they sit in the groove which is formed 
by the smaller component cables. 

The dolphin itself shows from the high water mark downwards 
a zonal growth of Enteromorpha, Porphyra and Balanus, the latter 
for the greater part dead. All mussels occurring on Balanus sit 
with the umbones downwards, the ventral sides parallel to the 
dolphin. Lower down the layer of mussels becomes more 
irregular and there are many bigger animals which do not 
exclusively have the umbo pointing downwards. On the wood 
itself are no mussels, but they do occur in the cracks, where 
they sit with the umbo perpendicular to the direction of the 
groove, on the inside. 

It appears from these observations that the young mussels 
have a marked tendency to settle in such a way that they fit 
into a groove or hollow. When this runs horizontally the mussel 
lies horizontally, when it runs in another direction the mussel 
preferably sits in such a way that the umbo points downwards 
and the exhalent aperture upwards. When the mussels have 
settled on shells lying on the bottom they sit either between the 
umbones or between the ridges or on the inner side of the shell, 
and in these last two cases again preferably in such a way that 
the umbo sticks into the bottom. 

What the mussels obviously want is to settle in such a way as 
to come in touch with their substratum over a surface which is 
as large as possible. When the umbo sticks into or between some 
object or other the surface of contact is enlarged, whereas the 
intake of water is not hampered, which certainly would be the 
case if the siphon side were pressed between any objects. There 
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is no doubt that in the way described above the mussels attach 
themselves firmest and at the same time supply themselves best 
with water. 

As far as I have been able to ascertain Scuwarz is the only 
one who describes the attitude of settled mussels. He points out 
that mussels are mostly found with the umbo downwards and 
the lower side of the shell upwards. On the perpendicular walls 
of a mud barge he found them in this normal attitude; against 
the broad lower side of the ship, however, the mussels sit with 
the umbo horizontally. 


Ill. EXPERIMENTS ON THE SANDS 


It is well known that mussels need a hard substratum in order 
to be able to attach themselves. More or less detailed observations 
on this subject are given by Scotrr (1896), HoEk (1909), 
DELSMAN (1910), FIELD (1916 and 1922) and NeEtson (1928). 

It is very plausible that the continually shifting sand gives no 
hold to the animals and that this is the reason why mussels 
occurring on sandy or muddy ground depend for their settling 
on shells, stones or other hard objects. These objects might serve 
as a basis for the formation of mussel banks. The wiry tubes of 
Lanice conchilega might benefit the formation of mussel banks 
as well. 

In order to get more certainty, however, about the suitability 
of a special subsoil as a substratum for mussels and about the 
possible importance of the pointing downwards of the umbo a 
small number of simple experiments were carried out: young 
mussels on the sands were presented with various objects for 
attachment, and mussels were placed with the umbo pointing 
upwards instead of downwards. 


1. Mussels on shells, eternite and tiles 


On a stretch of sand free from algal growth over an area of 
16 m? cockle doublets were put into the sand at distances of 
50 cm in such a way that the convex side was uppermost. In 
between 500 mussels, varying from 2 to 10 cm, were sown out 
as regularly as possible. When the tide rose nearly all the mussels 
were swept away. After inspection during the next low water it 
appeared that more than half the number of cockle shells had 
disappeared or been buried under the sand and upset. In the 
aggregate 3 mussels were found back on top of the cockle shells 


288 R. A. MAAS GEESTERANUS 


between the umbones, and 22 were found each on the inside of 
the umbo of a cockle, it being impossible to ascertain a preference 
for the direction of the umbo. About 50 mussels sat in small 
groups on Lanice tubes which I had overlooked when choosing 
the area. For the rest no mussel could be found outside this 
plot of ground, which I had marked with corner stones. It was 
obviously only in the umbones of the cockle shells that the 
mussels could sufficiently protect themselves against the current, 
while the tubes of Lanice also offered a good hold. 

Three following experiments, here given together, led to the 
same result. Instead of recumbent cockle shells, doublets, 
standing upright, with the gaping side turned to various direc- 
tions, were put into the sand up to the hinge in 6 rows of 15 
each, at a mutual distance of 20 cm. From the 300 mussels set 
out 23 were found back, 6 on the outside of the cockle shells 
and 15 within the shells, all in the umbones. 

As an affirmation of KuENEN’s observation it also appeared 
that the surface of an eternite plate was not sufficient for the 
young mussels to fasten themselves, in this case it made little 
difference whether the eternite plate was lying on the sand, or 
was raised on short pegs 10 cm above the ground in order to 
prevent the little snail Peringia ulvae (Pennant) from crawling 
upon the plate in great numbers. 

To collect data about the distribution of the numbers of 
mussels falling on various parts of the sands groups of tiles were 
set out. The data about the “spatfall’? on these tiles will be 
discussed further on, but the observations on the attitude of the 
mussels on the tiles are given here. On the smooth surface of 

the tiles just a few scattered mussels occur- 
cay. Ted, Most.of ther. however, were sitting on 
the borderline of sand and tile, and many 
in the grooves. All had their umbones point- 
ing downwards: only in some corners of the 
grooves the umbo pointed in another direc- 
Fig. 2. Tiles set out tion and the same held good for the small 
for spatfall. mussels filling the cracks and for those in the 
trade marks; these animals were mostly 1-2 
mm only. The tiles had been put out upright with their broad 
surfaces perpendicular to the direction of the current (see fig. 2) 
and the animals could be found on the outside of the tiles exposed 
to the current as well as protected from it on the lee side. 
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2. Experiments with mussels with the umbo upwards 


The inducement to these experiments was the discovery that 
mussels sitting on cockle shells, when they were put down with 
the umbo upwards, turned round so that they were again sitting 
with the umbo in the sand. As the animals might have been 
troubled by sand or mud in their inhalent apertures and turned 
round in consequence I tied cockle shells with mussels on them 
to horizontal laths, which had been fastened to poles about 10 
cm abcve the sand. At low tide these laths did not fall dry. When 
tying up the cockle shells I took care that the rope did not come 
within 1 cm from the mussel, so that the animal could not 
attach itself to it without moving; a possible move of the mussel 
towards the rope could then easily be noticed. 

I expected that the result would be dependent on the direction 
of the lath with regard to the direction of the current and I 
therefore placed two laths perpendicular to each other. More- 
over, front- and backsides of the laths, in relation to the current 


FLOOD CURRENT 


Fig. 3. Laths to which mussel and cockle shells, with mussels attached to 
them, were tied. For further description see text. 


direction, were indicated by A1, Az, Br and Be respectively 
(see fig. 3). For the rest I did rot only use cockles, but mussel 
shells as well, and I discerned between mussels sitting together 
in groups of 2 or 3 and such that were sitting singly on the shells, 
because the latter might sooner show an inclination to move 
than those sitting firmly attached in a group. 

The position of the animals was examined after each high tide. 
For each series new test animals were used. The protocols have 
been deposited with the Zoological Station. A short survey is 
inserted at the end: of this paper. The results follow below; they 
are given in percentages. 
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Tied up to on cockles | on mussels average 
Jakise disappeared 34 45 3935 
same attitude 26 20 23 
moved, umbo 
turned round 37 30 3355 
moved, umbo not 
turned round 2 4 3 
A2 disappeared 27 45 36 
same attitude 40 10,5 2555 
moved, umbo 
turned round 26 37 31,5 
moved, umbo not 
turned round 5.5 5 5,3 
Bi disappeared 28 53 40,5 
same attitude 36 18 27 
moved, umbo 
turned round 27 18 22,5 
moved, umbo not 
turned round 6 8 7 
B2 disappeared 42 48 45 
same attitude 29 13 21 
moved, umbo 
turned round 20 14 17 
moved, umbo not 
turned round | 6 20 13 


disappeared 
same attitude 


moved, umbo turned round 
moved, umbo not turned round 


ee - 
average of |p dB At, AQ, 
|ArandA2| | OBr, Ba 

38 42.75 40 

24 24 24 

32.5 19.75 26 

4 10 7 


These experiments with mussels which have the umbo turned 
upwards show the following: 


1, When mussels are placed in the current with the umbo 
upwards at some height above the bottom, so that they cannot 
be directly troubled by bottom material (mud, sand), the 
number of mussels seeking another place to settle is extra- 
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ordinarily great. For in the experiments described above these 
are all the animals which did not keep the same position, in 
the aggregate upwards of 75 per cent. A great part (40%) of 
these disappear, possibly by being carried away by the current. 
The rest was found back on the inside of the shells, between 
shell and lath, between two shells lying closely together, between 
the ropes with which the shells had been tied, etc., consequently 
in all places where two planes make an angle. 

2. ‘The mussels which move to another place have a marked 
tendency to settle in such a way that the umbo points down- 
wards. This inclination seems strongest with the mussels of the 
A-lath, which stands perpendicular to the current. Here an 
average of 32,59 has the umbo downwards and 4% the umbo 
upwards, so that the relation is 8: 1. The inclination to settle 
with the umbo downwards is least pronounced with the animals 
of the B-lath, which had been put up parallel to the direction 
of the current. Here an average of 20% has the umbo pointing 
downwards and 10% upwards, so that the relation is 2: 1. 

3. It seems to make no difference to the mussels whether 
they have been placed on the side of the A-lath facing the flood, 
or on that facing the ebb current. The number of experiments 
is too small, however, to decide on this point. 

4. It makes a difference whether the mussels in the current 
sit on a ridged cockle or on a smooth mussel shell. An average 
of 48° of the mussels disappears from the mussel shells, of 33°% 
from the cockles. This experiment is an affirmation of all those 
data which indicate that a smooth surface gives but little support 
to the animals. 

5. An average of 24% of all mussels, though sitting with the 
umbo upwards, does not change place or attitude at all. These 
24°% contain mussels in groups as well as solitary ones, so that 
their clinging to the original attitude is not because they are 
kept in their places by the byssus threads of their neighbours. 
For figures see the tables at the end. 

It is a pity that, when carrying out these experiments, I did 
not sufficiently realize that I should have set out mussels with 
the umbo downwards as well as upwards. For we are faced by 
two possibilities: 1. the change of place, 2. the change of attitude. 
When the animal changes its place the reason may be that the 
umbo was pointing upwards, but it may also be that the place 
was unsuitable. When the animal only changes its attitude it is 
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certain that it was not troubled by the wrong place, but by the 
wrong attitude. Every change of attitude, however, is properly 
speaking, accompanied by a change of place and I therefore 
did not differentiate these two. Consequently, it cannot be 
ascertained in which part of the cases the wrong attitude and 
to what degree the wrong place was decisive. As stated above 
the question might have been solved by setting out the mussels 
both with the umbo downwards and upwards. 

As to the preference of the mussels to settle with the umbo 
downwards, however, there is no doubt. 


Conclusions concerning the experiments in the field 


It appears from these experiments that the mussels do not 
settle on a sandy bottom, nor on smooth surfaces. On a rough 
surface they settle if it is sloping, preferably in such a way that 
the umbo points downwards, but this is not necessary. 

A first requirement is probably a hard surface of a certain size. 
A grain of sand is too small, on the other hand a small stone or 
a shell will already satisfy a young mussel. KUENEN’s experiments 
(1941) make it probable that the current has some influence in 
this respect, as they show that the mussels do not fix themselves 
when the substratum may be set in movement, as is the case 
with loose sand. 

_ The surface in question may not be smooth. The disappearance 
of mussels from a smooth surface does not prove that they 
cannot settle on such a surface, it is also possible that the latter 
does not meet their thigmotactical needs. The animals preferably 
settle in such a way that they are on both sides enclosed by the 
substratum, so that they are caught between two planes forming 
an angle with each other. 

It follows from the experiments that it is not necessary for the 
mussels on a sloping surface to point the umbo downwards. All 
the same, the greater part of them take care to do so, also when 
there is nothing of a disturbing influence of sand. But if the 
mussels after attachment are put with the umbo upwards a 
certain number (in the experiments 24%) do not change their 
attitude. Quite probably this reaction is influenced by the 
current, see number 2 of the above conclusions. 

It would be interesting to investigate whether the gravitation 
is the directing factor in this settling and in how far the reaction 
can be stimulated or at least influenced by other factors. 
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It should finally be pointed out that, properly speaking, 
neither the observations nor the experiments conclusively show 
whether the mussel tries to bring merely its umbo or also its 
whole ventral side into the closest possible contact with the 
substratum. It would certainly be worth while to solve this 
question experimentally. 


IV. SETTLING OF MUSSELS ON THE SANDS 


The preceding experiments show that mussels need a hard 
and rough subsoil in order to maintain themselves. It has not 
yet been made clear, however, why banks are formed by the 
mussels after they have settled. 

Two questions immediately suggest themselves: 

1. Is the formation of banks the result of a favourable com- 
bination of external factors (substratum, temperature, salinity, 
strength of the current, and — connected with the latter — food 
supply), such as is only found in a few places, and do the 
animals accumulate in these places because the larvae carried 
along by the currents find favourable conditions there and 
consequently settle down? 

2. Ordo the mussels seek each other actively and independent 
from the factors mentioned, as a result of something like a social 
instinct? If so, how do they find each other? 

To obtain indications as to this matter I tried to examine the 
distribution of spatfall on the flats by means of tiles, which had 
been set out to that end. In principle the method used was that 
practised in Zeeland to catch oyster larvae (HAVINGA, 1932). 
Clean tiles were put out in groups on the sands, three at a time 
against each other, supported by a fourth under a sharp angle. 
The position of the tiles was such that the broad surface stood 
perpendicular to the direction cf the current (see fig. 2). 

It was possible for the unaided eye to discern the recently 
attached mussels on the tiles as somewhat yellowish spots. At 
first their identification was made a bit difficult by the fact that 
Balanus, which also settled on the tiles, resembled them, but 
soon it was possible to distinguish these from the young mussels, 
without a lens too, by their difference in colour and attitude. 

According to DELsMAN (1910) the larvae on the point of 
attaching themselves are about 0,25 mm large. The smallest 
attached mussel he found measured 0,28 mm. According to 
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HAvINGA (1932) the recently attached mussels are 0,25—0,30 mm. 

The first group of tiles (1-4, compare fig. 1) was set out on 
the 14th of July on the sands near hectometerpole 18 at the 
border of an old mussel bank. The second group (5-8) was put 
out near pole Ag and the third (9-12) near B8. After 4 high 
tides the mussels on the tiles were counted, the tiles themselves 
cleaned and set out once more. 


Date | Group Number | Number | Totals Remarks 
of tile jof mussels 
July 16th 4 4 | 28 | sandy, near old mussel 
3 4 bank 
1800m 2 4 
I 16 
Ag 8 4 sandy, many tubes of 
7 QI Lanice and cockle shells 
6 9 | with Enteromorpha growth 
Fee Hy 4r | 
B8 12 4. 100 
II | +50 
10 20 |+250 |same conditions as near 
9 +80 Ag 


On the 18th of July the tiles were again inspected after 4 
high tides. 


Date | Group | Number | Number | Totals Remarks 
of tile | of mussels 
July 18th | r800m 4 2 
3 4 
2 3 ; 
I 8 17 ) 
Ag 8 44 
7 85 
6 22 222 
5 51 
12 27 
II 98 
B8 10 123 352 
9 104 
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Most of the animals on the tiles were from 0,5 to -- 1 mm long, 
unpigmented or with a dark margin; some were quite dark 
already. 

After this the tiles up to and including number 28 were set 
out and also inspected after 4 high tides. 


Date | Group Number | Number | Totals Remarks 
| of tile jof mussels : 
$$$ $$ S$ $$ 
July 22nd 4 12 | | 
3 16 
| 1800m on if 10 56 
I 18 
8 6 
7 7 
A9g 6 se 56 
5 26 
20 65 many Enteromorpha and 
19 75 Lanice tubes; one mussel 
A8 | 18 +150 +590 | of 5 cm. 
17 + 300 
BS 12 an 
ir 66 
10 47 222 
9 78 
28 15 
27 5 
B7 26 4 32 
25 8 
16 37 
15 29 
C7 14 21 197 
13 110 
24 31 
23 18 
C6 22 18 68 
QI I 


The occurrence of these strikingly great numbers of young 
mussels near A 8 and C 7 was caused by the fact that tubes of 
Lanice had grown up against the tiles and that the mussels had 
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formed regular clusters against them. The great number of 
mussels on the tiles near B 8 could not be explained in this way, 
however. 

After once more 4 high tides the tiles were inspected on the 
26th of July. 


Date | Group | Number | Number | Totals Remarks 
of tile |of mussels 
| | | 
July 26th | 4 25 CO |many specimens of some 
| 3 15 | mm only 
| 1800 m | 2 16 69 
| I 13 
a ee: ee | many specimens of some 
ae ee iw |mm only 
Ag 6 | 83 | 243 | 
5 | under | 
_ the sand / 
| 20 42 many specimens of some 
| | 19 50 mm only 
A8 mm [Oye "ie 
17 13 
12 92 high figures are due to the 
/ II 130 presence of Lanice 
B8 | — 10 97 443 
| 9 124 
| | 28 39 0,5 mm and smaller 
27 98 
B7 26 37 246 
25 2 
24 71 
2 63 0,5 mm and smaller 
On am 22 33 205 
ei 38 
| 16 100 
| 15 88 | 0,5 mm and smaller 
| C6 14 | under | 188 
| 13 the sand | 


After this it was not before the 7th of August that I was able 


to clean the tiles again and set them out. After 4 high tides they 
were inspected. 
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Date | Group Number Number 
of tile jof mussels 
Aug. gth 32 8 
31 I 
2000 m 30 6 
29 5 
4 r@) 
3 6 
1800 m 2 o 
ie I 
8 6 
7 5 
Ag 6 2 
5 8 
20 12 
19 18 
A8 18 7 
I 7) re) 
12 II 
II 30 
B8 10 8 
9 5 
28 3 
27 I 
B7 26 I 
25 fe) 
16 3 
15 2 
C7 14 fo) 
13 I 


Totals 


Me 


21 


37 


54 


most 


long 


Remarks 


SERRE Tse HSNO bs lis rated Weal ae et ee 


mussels 


mussels 


mussels 


mussels 


some 


some 


some 


mm 


mm 


mm 


largest mussels reaching 


+ 10 mm 


largest + 5 mm 


I mm and smaller 


The object of these experiments, namely to get an insight into 
the relation between spatfall and formation of banks, has not 
been attained. For a proper spatfall it was obviously too late. 
Only once did I succeed in finding larvae of a Lamellibranchiate 
in the plankton samples from the sands and from the Nieuwe 
Diep. These were, moreover, quite probably no mussel larvae, 
because the characters used for identification by DELSMAN (1910), 
Hoek (1909), KAENDLER (1927) and STAFFORD (1906-1910) 


were missing. 
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The 26th of July was the only time that I found many very 
small mussels, not longer than 0,5 mm, near C 6, C 7 and C 8. 
They were yellowish and transparent, with a purple margin. 
Some were somewhat younger still and lacked this margin. It is 
possible, however, that even here we were not concerned with 
proper spatfall, but with young animals which came from 
deeper water, see below. 

The question arises where these young animals come from. 
When even a group of 4 tiles during 4 tides catches some hundreds 
of mussels then enormous numbers of metamorphosed young 
mussels must be present on or above the sands. It must have 
been impossible for these animals to reach the tiles by crawling, 
as experiments in a basin with running water showed that young 
mussels need 2-3 hours to crawl 10 cm, while they get stuck in 
the end. Near C 6 the tiles stood at a distance of more than 
200 m from the nearest banks of young mussels and the crawling 
mussels would, moreover, not have found any hold on the loose 
sand in the strong current during ebb and flood. So it is most 
plausible to assume that the mussels were carried along by the 
current. Now KueENeEN has shown that marked mussels set out 
on the Zuidwal were all removed in the direction of the flood 
current which has a greater maximum strength than the ebb. 
Consequently, we may perhaps assume that here too it is chiefly 
the flood which carries the animals along. The fact that the 
mussels nearer the dike were larger than those farther removed 
from it (see the tables above) might, moreover, be an argument 
in favour of this assumption. For a possible explanation for 
their increase in size would be that the young mussels which 
are transported by the current from places outside the sands 
settle when conditions to this end are favourable, detach them- 
selves after some time, because conditions for the larger animals 
are no longer so favourable, are again carried some distance, 
attach themselves once more, etc., in the course of which 
process they increase in size. So we should have to assume that 
somewhere outside the sands great numbers of very young 
mussels get detached, to be carried by the current to other places. 
In this connection the occurrence of very young mussels in 
countless numbers on the cauloid of Fucus vesiculosus, occasionally 
on Enteromorpha spec., very often on Chondrus crispus and Poly- 
siphonia spec. (see also DELsMAN, 1910, fig. 3) - HorK (1909) also 
mentions Hydroid colonies in this connection ~— is striking, 
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whereas we never find somewhat older mussels, nor young ones 
of a length of half a cm on these algae, not even in fairly quiet 
water. So they must have disappeared from them very soon after 
their metamorphosis (shortly after the first spatfall) and the 
supposition that the mussels after originally having attached 
themselves to the algae detach themselves after some time of 
their own accord in order to be carried along by the current 
again — this time as a little shell — is very obvious. 

WItson (1937) has pointed to the ability of some worm species 
to lengthen the duration of their larval life when they cannot 
find a good substratum. Their larvae live longer in clean glasses 
than in aquaria with a gravel bottom. He also points out that 
the mollusc larvae studied by miss LrBour (for literature see 
Wizson) are able to crawl as well as to swim for a short period 
at the time of metamorphosis from larva to definite form. 
Further Cote and Knicut Jones (1939) with regard to oyster 
larvae state that the period these animals can crawl as well as 
swim may last for some days if they do not find a suitable place 
for settling. Consequently, the animals to some extent have the 
possibility of moving when they are unable to find a good 
substratum during the dangerous period of settling. 

Young mussels, however, are good crawlers for a long time 
after their metamorphosis, while they obviously to a great extent 
use the current for their transport. In this connection the 
observation of Netson (1928) — although it has never been 
affirmed — is important. According to it the ability of the disso- 
conch stage of Mytilus to float is enlarged by the secreting of a 
bubble of gas in the hindmost part of the mantle cavity, so that 
the animals can be transported over great distances in spite of 
the reduction of their velum. They are drifting with the umbo 
downwards and as soon as the dissoconch touches some object 
the foot is protruded, while mantle and valves are kept open, 
so that the gas bubble may escape. This might explain the ease 
of transport over considerable distances. In our case, however, 
we have to do with much larger animals. At the end of this 
paper I will return to this question. 


V. LABORATORY EXPERIMENTS 


Whereas from the observations and experiments described the 
spatfall proper has not become known the observations on the 
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tiles indicate that young metamorphosed mussels occur in the 
water scattered over the whole of the sands and settle everywhere 
- if only a suitable substratum can be found. 

Yet the old mussels live on the sands almost exclusively in 
more or less large banks and the question remains how the 
formation of these banks takes place. HorK (1909, p. 181) is 
not inclined to assume that the floating brood are able to 
perceive sensorily which places of the bottom are suitable for 
their development, but it seems no more probable to him that 
the mussels sink to the bottom over the whole surface, only 
to survive where conditions are favourable. HoEK concludes from 
the dense population of the so called mussel seed banks that the 
young mussels fall down in great quantities in given places, 
because there the external conditions are favourable for spatfall. 
According to Horx the formation of a mussel bank would thus 
be a passive process, as he cannot believe that the mobility of 
the young mussels, which is actually present, enables them to 
cover great distances. 

From the literature mentioned above and from my own 
experiments the impression is gained, however, that, properly 
speaking, the young mussels fall down everywhere and after 
that move along great distances all the same, actively or not. 
Now, if, besides the mobility of the earliest stages, the current 
is brought to the fore as an important factor in the formation 
of a mussel bank, it is still difficult to understand how the 
scattered mussel population concentrates in the end into only 
a few banks. The supposition that there is still another factor 
which brings the mussels together, namely the ability ‘of the 
animals to perceive each other in one way or other, seems justified. 

In order to obtain certainty in this question experiments were 
necessary. They were made in the laboratory, as we can so 
much better control the different factors here than in the field; 
they aimed at settling the question in how far young mussels 
set out amongst congeners find these, and if they do find them 
how they succeed in this. 

The experiments were carried out in concrete asbestos aquaria 
of 100 X 60 X 50 cm, which had served for a long time as such 
and of which might thus be assumed that they would not give 
off harmful components to the water. In these containers the 
young mussels were set out in shallow water amongst congeners 
which had been glued to the bottom to prevent them from 


ON THE FORMATION OF BANKS BY MYTILUS EDULIS L. gor 


moving. By gluing these animals on in equidistant rows at 
equal distances from each other and placing the test animals in 
between, the distance of each test mussel to its 4 glued on neigh- 
bours was equally great. In order to investigate which charac- 
teristics were decisive for the test mussels in the possible search 
for or attaching near congeners the glued on living mussels were 
presented over against empty shells, or mussels with byssus were 
presented over against mussels without, solitary mussels over 
against groups, or mussels were presented opposed to pebbles 
and single pebbles opposed to groups of stones, or groups of 
stones with mussel odour opposed to groups without such 
odour, etc. 

The gluing on of the mussels took place by means of a viscous 
solution of celluloid in acetone; to that end they were first dried 
and the smooth periostracum was rubbed off. Dead and living 
mussels were glued on in the same way, with one valve on the 
bottom; the living mussels were then all the same able to open 
their shells and keep water circulating during the experiments. 
In order to make the glue stick I let the shells dry half an hour 
or longer, a performance the mussels can stand without any 
difficulty. In doing this the acetone evaporates for the greater 
part, but it cannot be avoided that it partly dissolves in the 
water and may give off some taste or smell. Yet this cannot 
much influence the choice, as all objects were glued on in the 
same way and consequently all must have given off the same 
taste or smell. 

The “dead mussels” were empty shells of scalded mussels; 
after removal of the flesh the shells were 10 times rinsed with 
alcohol 96%. 

For each test series I let the used sea water run away, and 
refilled the container with water rich in oxygen to a height of 
some cm. Most experiments were carried out in stagnant water; 
in the case of living mussels which were not allowed to leave 
their places the water was more frequently refreshed before the 
experiment was started. Once every two days each container 
was thoroughly cleansed with alcohol 96% in order to prevent 
possible mistakes on account of taste or smell of the glued on 
objects; for they might have retained a smell of the mussels 
which had settled on them during previous experiments. Later 
on I went as far as to remove the living glued on mussels after 
each experiment and to rinse the basin with 80% alcohol. After 
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this the alcohol — now diluted by sea water — was siphoned away 
_and replaced by alcohol 96%, which was changed 2 or 3 times. 
The new mussels were not glued on before the container was 
thoroughly dry. After the celluloid glue had hardened the basin 
was again once or twice rinsed with sea water. 
In order to rule out a possible hampering or otherwise 
disturbing influence of the daylight the experiments were carried 
out in a dark room. 


Wizson (1887) discovered that the larvae in the stage with - 
four gills have an eye spot on both sides at the base of the first 
inner gill arch. According to PELSENEER (1899) these eyes still 
exist with full grown mussels. They are fairly well developed, 
but we may doubt their value, because the eye spots get further 
away from the opened posterior margin of the valves during 
growth; the light penetrating to the eyes will therefore be 
very weak. 

Besides these eyes the mussel in its mantle margin has a light 
brown pigmented organ, which is susceptible to light, while the 
foot has dark brown pigment and is sensitive to light as well 
(WHITE, 1937). 


As a rule the experiments lasted 9 hours, during which the 
mussels made their choice; after this the position of the animals 
was checked. A few times I examined their position once more 
24 hours later and in the 10 cases examined, referring to a total 
of some hundreds of mussels, it occurred twice that a mussel, 
not yet having found a fixed point for attachment, had crawled 
on. One formed part of a series of 36, the other of one of 55. 
From experiments made by daylight it, moreover, appeared that 
young mussels under favourable conditions had found a place 
for attachment after 2 hours and did not change place after this, 
at least not in stagnant water. In running water it occurred in 
10-12% of the cases that solitary mussels still changed their place 
after one day, but this does not lead to a wrong result in the case 
of these experiments either, see below (p. 321). 

I took care not to include in my counts any mussels which 
might attach themselves to a living or dead mussel or a stone 
after another had previously reached the samé spot. For if a 
mussel settles on a dead one (or a stone) after another had 
arrived there before the final result does not show whether it 
was the dead or the living mussel which caused number 2 to 
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attach itself. For the same reason mussels sitting on an ,,in- 
different’? mussel were not counted. An “indifferent”? mussel is 
a mussel which has not joined another and has got stuck on the 
way by some reason or other. 

When we try to make out which characteristics might be 
decisive for the mussels to attach themselves to congeners the 
supposition seems obvious that the animals perceive each other 
chemically and the first aim of these experiments therefore was 
to demonstrate the part this chemoperception might play. 
During the experiments, however, it soon became apparent that 
in “catching” the young mussels the size of the circumference 
of a mussel group is obviously of some importance. Because of 
this importance the experiments are given here in another order 
than in which they were really made. 


1. Living solitary mussel over against mussel group 
in stagnant water 


If we assumed that the mussels let themselves transport by the 
current as long as this is necessary for meeting congeners we 
might imagine that a solitary mussel has less chance of being 
found than a group of mussels and the latter again much less 
than a genuine mussel bank. When therefore we should find 
a positive relation between the size of a mussel group and the 
number of mussels it “catches” this might point to the possibility 
that mussels reach their congeners in a completely passive way. 
It must immediately be added that even in this case it is quite 
possible that, besides, the animals possess means to “identify” 
each other. 

In a stone container 5 rows of solitary mussels alternating with 
mussel groups, totalling 40 of each, were glued on with celluloid 
glue. Their mutual distance was about 7 cm. Between them 60 
free mussels were set out. The groups were pieces torn off a 
colony, the animals were of the yearclass 1939 and 2,5 cm long 
at the utmost. The torn off pieces had been chosen as much as 
possible of one and the same size. At first they lay spread out 
flatly on the bottom, but after one night already they grew 
higher of their own accord and their base became smaller, 
because the mussels joined each other closer, mutually binding 
themselves with new byssus threads; after the second night the 
colonies were even more globular. The average circumference 
of the solitary glued on mussels was 4 cm, that of the groups 
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g cm. I took the sum of all circumferences divided by the number 
_of individuals or groups respectively as average circumference. 
The circumference was measured by putting a thin rope round 
the base. The free mussels were not removed. Yet the increase 
in size of the groups was negligible, as these mussels filled the 
holes between the others. The test mussels had been made 
recognizable by scraping off the periostracum of both valves, 
so that they looked bright blue in the water. 


| 
Facts 4 es Group Solitary | Indifferent 
Series of test =r RAT ar al l i 
] arrive | arrive arriv 
muese’® | alone later | Bone | later | ages later 
I 60 |= 42 - 8 | — 10 ~_ 
2 ly 60 32 - 18 4 fine ie = 
3 60 35 - Bek! seu ea = 
4 60 29 - 14 I 07 att a RS 
5 60 30 - II - Tg 76,) _ 
6 60 35 - 9°: I 15 - 
7 60 26 - Il I Law - 
totals 420 229 (54% | 86 (20%) To3 (24%) 


The number of mussels reaching a group is very great, 54%; 
the number of those attaching themselves to a solitary mussel 
is 20%. The relation between these two is 2,7: 1. About the 
same relation (2,2) is found between the circumferences of 
group and solitary mussel, so that the experiment may point to 
the evidence that the number of mussels reaching a group or 
a solitary mussel is dependent on the circumference. 


2. Living mussel over against group of stones 


It appears from the preceding experiment that a group of 
mussels “attracts” more animals than a solitary individual. This 
may be caused by the stronger smell of the group as opposed 
to the individual. It may also be, however, that a group, because 
of its so much larger surface, has a greater chance of being met. 
If now the group of mussels is replaced by a group of stones the 
relation between the circumferences of solitary mussel and group 


of stones may no longer be decisive in case the smell really has 
any influence. 
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Groups of stones and single mussels, alternating with each 
other, altogether 25 of each, were glued on in 5 rows of ro. 
Each group consisted of 5 stones, placed in the shape of a star. 
The average circumference of a group measured 13, that of a 
solitary mussel 4 cm. Between them 36 free mussels were set out. 


Wiaratay | Group ofstones | Solitary mussel Indifferent 
Series of test | : 
| mussels | | arrive arrived | arrived 
| alone | later alone later | lone later 
| 
I 86 16 I 9 = 10 = 
2 36 14 5 . 17 = 
3 | 36 19 - 7 2 8 = 
4 36 20 2 4 2 8 - 
5 36 27 I 4 - 8 = 
6 1 6:36 16 - 3 - i = 
totals | 216 112 (52% | 32 (15%) 68 (31%) 


The number of mussels on a group of stones is 3,5 times as 
large as that on a solitary mussel; about the same relation exists 
between the circumferences of the group of stones and the 
mussel. So this experiment obviously points to the size of the 
circumference being of greater importance than the smell. 


3. Small stone over against group of stones 


- The preceding series of experiments prove that the test mussels 

also content themselves with stones instead of congeners and 
that the numbers attaching themselves to the groups of stones 
and the single mussels bear the same relation as their circum- 
ferences. The experiment is not exact, however, as mussel 
individuals have been compared here to groups of stones. 
Parallel to experiment 1 therefore small stones and groups of 
them were:also compared with each other. 25 single stones and 
the same amount of groups were put in 5 rows of 10, each group 
consisting of 5 stones glued on in the shape of a star. The average 
circumference of a single stone was 5, that of a group 13 cm. 
Between the stones 36 mussels were set out. For the sake of 
completeness it must be remarked that I washed the basin with 
alcohol after each experiment in the way described above. 
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Number| Groupofstones | Single stone | Indifferent 


Series of test 
mussels 


i | arrived 
arrived \iwieeus 
later | later 


arrived 
later 


I 36 22 | I 2 

2 36 21 I 2 - 12 — 

3 36 2 . 2 = = 12 I 

4 36 ee 4 : 9 ” 
totals 144 | 86 (60%) 8 (5.5%) 44 (30%) 


A group of stones appears to attract a great deal more mussels 
than corresponds with the relation of the circumferences. The 
number of mussels having arrived at a single stone is so strikingly 
small that we must perhaps seek the reason in the bad hold a 
small and smooth stone offers to a wandering mussel. Probably 
the mussels actually did find the single stones, but often left 
them again. In any case the experiment points to the fact that 
it need not necessarily be the taste or smell, which makes the 
group of mussels attract more congeners than the solitary 
individual. 


4. Large stone over against group of stones 


A possibility which might explain the unexpected results of 
the foregoing experiment is perhaps that a single stone does not 
sifficiently satisfy the thigmotactical needs of a mussel and is 
consequently at a disadvantage as opposed to a group with 
sharp angles between the component parts. In experiments 
made by daylight I had namely two or three times seen mussels 
which had reached a glued on congener leave it again after 
some time. As we know from the preliminary observations and 
from the small experiments made in the field that not every 
object is suitable for attachment it might be that a single stone 
does not sufficiently meet the mussel’s wants. 

I therefore repeated the previous experiments in such a 
manner as to replace the single stones by others presenting in 
my opinion enough support to the mussels to attach themselves. 
They were large and angular, and in order to exclude a possible 
unfavourable influence through the difference in size I chose 
them as much as possible of the same dimension as the groups. 
The average circumference of a group measured 14,6 cm and 
that of a single stone 11,3 cm; consequently, the average relation 
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between the circumferences of a group and a stone was 1,3: 1. 

Each time after two experiments the basin was cleaned, and 
the places where a mussel had been sitting were carefully scraped 
off in order to remove possible byssus threads. Further explana- 
tion of the measure will follow in experiment 9g, foot note. 
30 single stones and 30 groups, each consisting of 4 stones in 
the shape of a star, were glued on in 4 rows of 15 between which 
42 mussels were set out. 


| Number, Group of stones Single stone Indifferent 
Series of test | Y Tey ares ae ; Gi ith, 
Conacaoreee are arrived pyre arrived Sana arrived 
| later later later 
I 42 17 = 12 - 13 — 
2 42 12 — 18 - 12 - 
3 42 QI I II - 9 = 
4 42 17 | 3 II — Il ed 
5 42 Dl aie 15 3 12 2 
6 42 20 — 12 I 9 ~ 
7 42 14 = T4 a 14 s 
8 42 18 I 14 - 9 
9 (ane ee Pee 25 13 e 21 = 
totals =| 378 | 137 (36%) 120 (31.7%) | 110 (30%) 


The relation between the numbers of mussels on a group of 
stones and a single stone is 1,1 : 1, thus corresponding very well 
to the relation in size between group and single stone, which 
was 1,3: 1. So a large stone attracts — if only it offers sufficient 
hold — as many mussels as a group of the same size. The circum- 
ference alone may therefore very well be the cause of a group 
of mussels attracting more young congeners than a solitary 
animal. 


5. Living over against dead mussel in running water 


The foregoing experiments give the impression that there is a 
relation between the size of an object and the number of mussels 
it attracts; the larger the object the greater the number of 
mussels settling on it. 

Opposed to this, however, it remains possible that the living 
mussels give off a smell which may attract congeners, and it 
was therefore self-evident to carry out an experiment in which 
young mussels were given the choice between living and dead 
ones. 


308 R. A. MAAS GEESTERANUS 


In a stone basin living and dead mussels, 57 of each, were 
alternately glued on with celluloid glue in 6 rows of 19; small 
ones from 8 mm upwards and large ones up to 3 cm were used 
in a heap. The intervening space between 4 glued on mussels 
was a square with sides of about 6 cm; in the aggregate there 
were thus 5 x 18 = go squares, but only the middle stretch, 
consisting of 3 rows of squares, thus containing 54 of them, was 
used. This measure served to prevent the mussels near the outer 
row from crawling out of the field too soon. It appeared to be 
an unnecessary precaution, however, and hence was given up 
later on. 

In the first series only 1 mussel was set out in the centre of 
every square, whereas 2 were set out in the following series. 
In the 3rd series 5 mussels got lost. 

As this experiment was in reality the first I made and as I 
wanted to imitate to a certain extent the conditions on the sands 
the basin was fitted up for running water. The water entered it 
by three tubes, which had been fixed at some distance from 
each other to one of the short sides. By means of this installation 
I hoped to achieve that the strength of the current would be 
equally great all over the basin, but I did not succeed here, 
for along one of the sides a counter-current developed and a 
number of whirlpools were spread over the whole of the water. 
Near the tubes free mussels attached to the glued on mussels 
in rare instances only. The current was too strong here, so that 
the mussels were dragged to areas where their protruded foot 
could better succeed in finding a hold. At some distance from 
the opening of the tubes the groups of attached mussels became 
therefore larger. Because of the disadvantages connected with 
working in running water I always experimented with stagnant 
water later on. 


Number) Living mussel | Dead mussel 


Indifferent 


Series | of test 74 5M Soa - 


| arrived b axtt 
ha rrived 


arrived | 


alone 
later 


mussels | alone 


later 


I 
. | 
3 | 102 20 | 10 13 10 34 re 
4 . 102 me 9 a 8 | 414 6 27 en 
totals | 360 | 85 (23.6%) | 55 (15%) 133 (37% 


ON THE FORMATION OF BANKS BY MYTILUS EDULIS L. 309 


This experiment shows that mussels searching for a hold show 
a preference for living mussels to dead ones. The number of 
indifferent animals, which do not join another mussel, is very 
great however. 


6. Living mussel over against dead mussel in stag- 
nant water 


As in the preceding experiment the strength of the current 
was a factor too unstable to express its influence in figures the 
experiments were repeated in stagnant water. In an asbestos 
concrete container 6 rows of 12 mussels were glued on in the 
same way as described under 5, 36 living and 36 dead ones, 
with a mutual distance of about 6 cm. Between these 55 test 
mussels were set out. 


-Number| Living mussel Dead mussel Indifferent 
Series | of test ; me ; 
i pa arrived ele ae ived aie arrived 
| te aha later later later 

I ee 5, Foe s 7 F. 3° < 

2 55 18 4 9 H 24. = 

3 55 14 3 10 mi 28 5 

4 55 14 2 8 2 29 Ee 

5 55 QI I 6 = 25 = 

totals 275 | 85 (31%) 4o (14%) 136 (50%) 


The results are about the same as those obtained in running 
water. The living mussels attract more congeners than the empty 
shells. The number of indifferent animals is very great in this 
experiment too, even still greater than in the preceding one. 


7. Group of stones with a smell over against a group 
of stones without a smell 


According to experiments 1 and 3 a correlation exists between 
the circumference of an object and the number of mussels it 
catches. This creates the impression that the searching of the 
mussels is not “directed”, but that merely chance determines 
where they come to rest. On the other hand, we see from 
experiments 4 and 5 that mussels show an unmistakable pref- 
erence for living congeners to dead ones. This cannot be the 
result of the large circumference of the living mussels, as living 
and dead mussels are equally large. From this we might be 

20 
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inclined to conclude that the searching mussels are attracted by 
. the smell to congeners. 

In order to examine the possible influence of the smell of 
mussels, but at the same time to exclude any other influence 
from the living animals, I took groups of stones, partly with and 
partly without mussel smell. 

Five or six stones were glued on in the shape of a star on the 
bottom of an asbestos concrete basin and these formed a group; 
25 of such groups alternated with 25 groups containing in their 
centre a cut off mussel foot, unattainable for the crawling 
mussels. The circumference of the “smell-group’’ measured on 
an average 1,4 times larger than that of the odourless group, 
due to the difficulty of making them equally large. Between the 
groups 36 mussels were set out. 


Number | Group with smell Odourless group | Indifferent 
Series of test | arrived | | arrived | | arrived 
mussels | alone | alone | alone | 
later | later | | later 

| , ) 

I 6 16 - ES _ I 

2 36 14 -- We as = | : - 

3 36 19 13 = 4 * 

4 36 18 ; 9 1 9 * 

5 36 14 I es ey I 7 = 

6 36 18 a oe — 8 ie 

totals 216 99 (45.8%) | 69 (31.9%) 42 (19.4%) 

Be | ge is - 19 ml TE - 

8( t) 36 9 = 18 — | II ez 


Except in series 7 and 8, which are marked with (!), the 
mussel feet were always put on the same groups of stones. It is 
obvious that the preference for groups with a mussel smell was 
little at the start, but increased afterwards. When we take the 
results of series 1 up to and including 6 together we see that the 
numbers of mussels on the groups of stones with a smell are to 
those without a smell as 1,4: 1. This is exactly the relation 
existing between the circumferences of “smelling” and “odour- 
less”’ groups of stones. 

Although the results of these series of experiments rather 
varied among themselves I had to break them off to find time 
for establishing in another way whether groups of stones smelling 
of mussels would perhaps be preferred to odourless groups. To 
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that end musselfeet in series 7 and 8 were put on those groups 
that had remained odourless up to that time. If the searching 
mussels had been attracted by the musselsmell they would have 
had to follow the change and be numerous on the at first 
“odourless’’ but now “smelling” smaller groups of stones. Instead 
of this the number of mussels on the groups appeared to be more 
or less in proportion to the circumferences of these groups. We 
may thus safely assume a linear relation between the size of the 
circumference of the object and the number of mussels. 

When we now add the results of series 7 and 8 to the preceding 
results and then calculate the totals and the averages, meanwhile 
taking into account that the numbers 12 and 7 have to change 
places with 19 and 18, we find: 


Total number | Groupwithsmell 


Odourless group | Indifferent 
of test mussels . alone 


alone | alone 


238 136 (47,2%) 88 (30,5%) 


The relation between the numbers of mussels on the groups of 
stones with and without a smell is 1,5 : 1, which deviates little 
from the relation between the circumferences 1,4: 1 


8. Dead mussel over against dead mussel with foot 
press juice 

The foregoing experiment showed that when variously sized 
groups of stones, partly with mussel smell and partly without 
are offered to young mussels, no influence of the smell on the 
settling animals can be proved. In the meantime the mussel 
smell may have an attracting influence all the same, which may 
be more or less undone by that of the larger size of part of the 
groups. The influence of the mussel smell ought to show more 
clearly then, when that of the larger circumference would be 
taken away. 

In this experiment, therefore, 50 dead mussels instead ot 
groups of stones were glued on, 25 of which were made “smelling” 
by means of press juice from mussel feet, whereas 25 were not. 
This was done by sucking up the liquid with a pipette and 
letting it run slowly over the glued on mussels. As the water 
was stagnant and was not moved by the pipette the juice 
remained lying closely round the mussels and could only spread 
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by diffusion. Between the glued on mussels 36 test animals were 
set out. . Re! 

To my great surprise 34 out of the 36 mussels were still in 
their places at the end of the experiment, whereas two had 
moved and were attached to a dead mussel without press juice. 
They were all lying on one side, their valves closed. It may be 
useful to remember that healthy mussels sit on the ventral side 
and have the valves opened. 

In connection with this experiment the following one was 
carried out. In each of two equally sized glass vessels, filled with 
sea water to the same height, 8 mussels were set out at equal 
distances. To one basin press juice of mussel feet was added and 
stirred well through the water; the other remained without juice. 
After having been in the basin with pure sea water for 2 hours 
7 mussels had crawled from their places, while some were sitting 
together; all of them had their valves wide open. In the basin 
with diluted juice 4 animals had remained in the same place, 
2 were still crawling about and 2, which had crawled away at 
the beginning, were lying still; all of them held their valves 
closed. Without going further into this matter it is clear that the 
press juice affects the mussels in a very unpleasant way. Probably 
this influence is less noticeable in experiment 7, because the 
cut off foot was bleeding only a little. 


g. Dead mussel over against living mussel without 
terminal part of the foot 


We have seen the press juice to work paralysing rather than 
favourable, whereas cut off feet do not exercise a repelling nor 
an attracting influence. These facts do not explain why the 
mussels in experiments 5 and 6 show a marked preference for 
their living congeners to the dead ones. 

As has been mentioned on page 1g all mussels were glued on 
with one valve, so that the living animals were enabled to 
project their foot and on one side to surround themselves with 
a number of byssus threads. Now, the presence of these tense 
threads might encourage the mussels to settle against a living 
congener rather than against a dead one lacking these threads. 
If, therefore, the mussels could be prevented from forming 
byssus threads the test mussels could not be influenced by these, 
in other words: an equally great number of test mussels ought 
to be found on both. 
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It is known that mussels attach themselves by first pressing 
from the protruded tip of their foot a liquid quickly hardening 
into the well known white disk, and after that, by means of the 
“heel” of the foot, attaching a byssus thread to the disk in 
question (HAVINGA, 1929, and WHITE, 1937). 

In order to prevent the formation of end disks the tip of the 
foot of all living glued on mussels was cut off. Whether the lack 
of the tip, and therefore the impossibility of making a disk, also 
excludes the formation of byssus threads is uncertain; the result, 
however, was that during the experiment no more threads were 
formed. After the amputation the mussels mostly kept their 
valves closed for a few days. Healthy mussels have their valves 
wide open, especially in water poor in plankton. 

After each series the disks and byssus threads were removed 
from each place where a mussel had been sitting. Next, the 
whole of the container was rinsed with alcohol and after every 
two series the living as well as the dead mussels were replaced 
by new ones, as this was easier than removing the byssus threads 
from their shells. 

36 living and 36 dead mussels were glued on in 6 rows of 12; 
between them 55 test mussels were set out. 


Number! Dead mussel Living mussel Indifferent 

Series; Gistest J) 9. fs. f ake : 
mussels | alone pate alone eile alone aa 

I 55 10 oi 8 4 30 3 

2 55 | 14 2 11 — 27 I 

— 55 14 4 6 : 30 * 

4 55 12 4 6 rs 29 4 

6 55 10 2 10 2 30 I 

7 55 7 5 6 I 40 I 

8 a0) 9 3 Sul 5 25 2 

9 55 16 I 19 3 16 i 

totals 495 | 100 (20%) 87 (17%) 255 (51%) 


In the beginning we see a preference for the dead to the living 
mussels, which are probably repellent because of the blood from 
the rest of their foot. During this time most of the injured 
mussels keep their valves closed; when these are opened again 
the wound on the foot is probably healed: about equal numbers 
reach the living and dead mussels now. The small number of 
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test series, the strikingly high percentage of “indifferents” and 
the probably repellent action of the injured mussels must needs 
have a disadvantageous influence on the average values, but all 
the same we may probably conclude that a dead mussel attracts 
as many congeners as a living one without byssus. 


10. Dead mussel over against living mussel without 
byssus 


This experiment was a repetition of the preceding, but 
exacter, because now no foot was cut off. To prevent the 
mussels from spinning their byssus threads their whole ventral 
side was surrounded with a wall of celluloid glue. I succeeded 
in doing this in such a manner that the mussels could all the 
same open their valves for breathing, so that they remained alive. 
For a mussel which is forced to keep its valves closed dies 
within 2 or 3 days. 

The dead mussels were glued on in the same way as the living 
ones; 25 dead and 25 living animals were glued on in 5 rows 
of 10. The number of test mussels amounted to 36. 


Number| Dead mussel Living mussel ) Indifferent 
Series of test ry as z 
siuecle | aiowe tee ed bone | oe ed | alane arrived 
later later | later 
I 36 5 I ae I 20. =| I 
2 36 7 - | 8 } = 20. | I 
A 36 Il 1 7 | 3 | 13 : 
4 36 6 2 6 ) — | Qt I 
5 36 8 oc bk) eae I 
totals | 180 | 37 (20,5%) | 38 (21%) | 92 (51%) 


The result of this experiment proves — like the preceding — 
that a dead mussel and a living one which cannot form byssus 
are just the same to a searching animal; both attract an equally 
great number of test mussels. Just as in the experiments 4, 5 
and 7 the number of indifferent mussels is very large. It is 


obvious that a searching test mussel easily passes by congeners 
when these do not occur in a group. 


11. Stones with byssus over against stones withou 
byssus 


The preceding experiments have shown that dead mussels and 
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living ones without byssus attract the same number of test 
animals. This does not yet show, however, that searching mussels 
prefer congeners with byssus threads, even though experiments 
4 and 5 point in that direction !). 

A repetition of these experiments did not seem advisable, nor 
a modification in such a way that the mussels would have to 
choose between living congeners with and without byssus. The 
great objection to experiments with solitary individuals was, 
moreover, that the result was unsatisfactory owing to the great 
number of indifferent animals. In order to make the best of 
the short time left to me I chose for a last experiment groups of 
stones, one half of which was to have byssus, whereas the other 
half was not. I had these byssus threads attached to the stones 
by mussels which were kept on them for 24 hours. After that 
they were carefully taken away so that the remnants of the 
threads remained on the stones. The arrangement consisted of 
I5 groups of stones with and 15 without byssus threads; those 
with byssus had a circumference on an average 1,4 times larger 
than the groups without. Each time 20 test mussels were set 
out between the groups. After each series the remnants of their 
byssus were scraped off from the stones which should have 
none, while after every two series these groups were taken to 
pieces and the stones cleaned separately. Finally the whole was 
rinsed with alcohol. The remnants of byssus were not removed 
from the stones which had byssus from the beginning. 


Group with | Group without TT 
Number byssus byssus vee RET 
Series of test | Rig ATF eh 
Is | arrive arrive arrive 
crate alone | later alone farep oleae later 
I 20 | 7 = S 
2 20 ge? ty 6 2 3 
G 20 7 ae eat. - 5 = 
4 jc 20 Dec ipedT: 7 I 3 ai 
La Te iS Slee 7 7 a 4 
6 eee 9 — 8 3 - 
v5 20 8 — 6 5 = 
totals 140 68 (48%) 49 (35%) 1g (12%) 


1) As already mentioned in experiment 3 remnants of byssus threads were 
for this reason carefully scraped off in those experiments in which a disturbing 
influence might be expected. 
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From these figures results that the numbers of mussels on the 
stones with and without byssus are related as 1,4: 1 resp., a 
relation corresponding to that between their circumferences. So 
there is no question of the expected influence of the byssus 
threads. This may show that the tactile influence of an object 
with many angles surpasses that of a number of byssus threads. 
It should be added that naturally the byssus threads were not 
tense in the experiment, as they would have been under normal 
conditions. 


Conclusions with regard to the laboratory experi- 
ments 


These experiments show that young mussels released in shallow 
water on a hard bottom attach themselves preferably to other 
mussels. When the latter are solitary they have little chance to 
be found, whereas the chance is much greater when they occur 
in groups. From the fact that groups of stones attract more 
mussels the larger their circumference it is probable that the 
size of the circumference is most important here. 

Living mussels attract more congeners than dead ones of the 
same size. As both are found according to chance and the 
numbers of mussels reaching them are apparently equal it is 
probable that dead mussels are less in demand for attachment 
than living ones. 

I tried to demonstrate the influence of mussel smell on 
searching or settling mussels by experimenting with groups of 
stones and mussels made odorous by placing pieces of mussel 
feet on them or suffusing them with foot press juice. The results 
make it very probable that the juice has a harmful and repellent 
action, but that the mussel feet do not demonstrably influence 
the test mussels, presumably because the feet do not bleed much. 
The supposition that the mussels diffuse a smell, sooner inducing 
congeners to settle on them, is neither made probable nor 
improbable by the experiments. 

When mussels are placed between dead mussels and living 
ones with their foot cut off, so that no threads can be spun, or 
between dead mussels and living ones withheld from spinning 
threads in another way, the numbers of animals reaching both 
these groups are about equal. This makes it probable that living 
mussels are not in demand over dead ones owing to a possible 
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smell, but that the byssus threads may play a part in this pref- - 
erence for living to dead. 

It was finally tried to make mussels choose between groups 
of stones with and without byssus threads, but a favourable 
influence of the latter could not be shown to exist. This does 
not prove that byssus threads are of no influence to mussels 
which want to attach themselves, but probably only that their 
influence is subordinate to that emanating from the stones 
themselves. 

Recapitulating, the experiments make it probable that a 
mussel finds another by accident and that therefore the chance 
of meeting other mussels is proportional to the size of the cir- 
cumference of their group. It is probable that smell plays no 
part in the attraction of congeners, but that, on the other hand, 
byssus threads are of some importance. 

As to groups of stones and mussels it is not well possible to 
compare their influence on settling mussels. Only a comparison 
of the results of the experiments 1 and 2 as well as 2 and 3 gives 
us something to go by and tends to show that a group of stones 
with its angles and hollows is about as favourable to the young 
mussel going to attach itself as a group of congeners. From this 
it may be concluded that contact stimuli furnished by surfaces 
are apparently more important than those resulting from the 
presence of byssus threads. 


VI. OBSERVATIONS ON THE FORMATION OF GROUPS 
OF MUSSELS 


' The observations made until now refer to the way in which 
mussels attach themselves to the substratum and the demands 
they make upon the latter. These are indirectly connected with the 
formation of mussel banks. The following observations relate 
more directly to the formatiou of such beds. Partly they ‘are 
concerned with direct observations on crawling animals, partly 
with the growth of groups of mussels in running water without 
any attention being paid to the crawling mussels themselves. 


1. The crawling of mussels 


Direct observations on crawling animals were chiefly made 
with the aim of getting more certainty about the question 
whether mussels, when searching for a place to attach themselves, 
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Fig. 4. The crawling of the young mussels. Oblong dots represent solitary 
mussels, circles groups of these glued on to the bottom. The test mussels have 
been denoted by letters (A, B, C, etc.). Figures denote 10 minutes time signals. 
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are chemically directed by congeners or not. The crawling was 
observed in a container in which, as in former experiments, 
other living mussels had been glued on individually and in 
groups. The accompanying sketch, fig. 4, in which each group 
of mussels is indicated by a circle and each individual mussel 
by an elongated dot, serves as an illustration. The test mussels 
are indicated by letters and the arrow points to the direction 
in which they have crawled away. The relations of sizes and 
distances are more or less to scale. The position of the mussels 
was continually checked and every 10 minutes time signals 1, 2, 
3, etc. were indicated. 

It appears from the traces of the mussels that their crawling 
is wholly arbitrary. The mussels C, H, L and M reached a 
suitable place for attachment after 20 or 30 minutes without or 
with very short detours. The others took a much longer time; 
a few of these stopped altogether without having found a mussel 
or a group (A, B and G). D crawled quite closely past a group 
of mussels, but reached it only after more than 80 minutes. 
F found a single mussel after 40 minutes, crawled round it in 
25 minutes and left it again. It passed a group and a solitary 
individual and reached another group after 140 minutes. This 
shows rather clearly that mussels do not find each other with 
the help of a chemical sense. Although various experiments show 
that the mantle margin and the tip of the foot are very sus- 
ceptible to concentrated solutions of NaCl, KOH and bitter 
substances, and the possibility of the chemical perception of a 
congener need not be excluded, the observations on crawling 
prove that mussels are not directed chemically. In valuating 
these results it should not be forgotten that these mussels found 
themselves under conditions different from those in nature. Yet, 
the indoor conditions were in my eyes sufficiently comparable 
to those in the field to make the results conclusive. 

If mussels are not able to find one another with the help of 
their chemical sense over distances as short as these we may 
exclude the possibility of mussel beds being formed in this way, 
as in the field much greater distances are involved. 


2. The growth of groups of mussels in running water 

Whereas the foregoing observations clearly show that the 
crawling of mussels is quite arbitrary and that most mussels 
continue crawling till they have come across a place suitable for 
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attachment the following experiments serve to gain an insight 
into the increase in size of the groups. In order to make conditions 
somewhat equal to those on the flats the experiment was carried 
out in running water in the same way as experiment 5 described 
above, with the only difference that the water was running very 
fast now. Here too the current could not be made equally 
strong over the whole section of the basin. Between B and D it 
was strongest, whereas outside the A-row, along the side of the 
basin, there was a counter-current. In the figure the current 
runs from left to right. 

The “decoy”? mussels were glued on in 6 rows; in each row 
a dead mussel — indicated by a triangle in the figure — alternated 
with a living one — indicated by a circle. Between rows B, C, D 
and E 51 mussels were set out every evening, without removal 
of the former ones, the positions of which were checked after 
9 hours. After 10 nights the experiments were discontinued. 

In the diagram (fig. 5) the absciss of each figure indicates the 
number of days during which the glued on mussel took part in 
the experiment. Some mussels got loose and this is indicated by 
breaking off the absciss. For instance, B 1 disappeared after the 
6th night. The number of mussels which joined a solitary one 
is indicated by the ordinates; thus C 3 has caught 3 mussels 
after the 1st night, and after the roth night there are 16. The 
apices of the ordinates are connected by a line and when the 
plane enclosed by this line and the absciss has been entirely 
blackened this means that the glued on mussel kept its place 
till the end. When the figure has been left wholly or partly blank 
it means that the glued on mussel disappeared after a certain 
number of days, but that on the same place test mussels settled 
all the same. In B 10 a mussel joined the glued on congener 
after the 2nd night; the latter disappeared after the 3rd night. 

The former remained, however, and new ones joined it. E 9 
shows how the glued on mussel disappeared after the 2nd night 
and how in the 3rd night a new mussel arrived at the same spot, 
attaching itself to the remnants of the celluloid glue. Some 
figures show that sometimes mussels disappeared even from 
groups — B 5 and D 17 — but this is an exception. Finally in 
between the groups there were many solitary mussels which I 
did not figure for the sake of clearness and also because some 
of them changed their places and eventually joined a group. 
It was only rarely that these solitary mussels formed the starting 
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point of a group themselves; this occurred at F 6 and 7, where a 

group of 3 mussels came into being. Further a group of 8 arose 
at F 11, groups of 2 and 4 between F 14 and 15, a group of 2 
at F 18 and one of 5 between D 8 and E 9. 

As might be expected the outer rows A and E gathered the 
smallest number of mussels, A however more than E, because 
of the strong counter current past A, which dragged the mussels 
along. These mussels near A, however, remained alone or formed 
only small groups. 

Wherever the current was strongest — row A and B — the 
mussels on the left could not find hold, so that they landed near 
mussels or groups more to the right. In the fastly flowing water 
between A and D a cushion of dammed up water was formed 
to the left of each group of mussels to which the test animals 
dragged along by the current came rolling on, to slide down- 
wards. The latter phenomenon, the strong current, the whirl- 
pools, and the locally quiet water behind each object, all taken 
together, are factors which make it impossible to find for the 
left half of the basin a relation between the size of a group and 
the number of mussels it gathers. We rather find that these 
groups grow at the cost of the surrounding mussels or groups 
of mussels and most of all at the cost of those occurring down- 
stream. The reason for this is that a crawling mussel only holds 
on with the tip of its foot, whereas the current especially has 
hold on the large surface of the valves. All mussels are thus more 
or less directed with the umbo against the current, so that they 
are forced to crawl upstream, at its most making a small angle 
with the direction of the current. The left upstream groups 
consequently get chiefly mussels from the right. The latter also 
include animals which first were dragged to the right by the 
current, 

That one glued on mussel catches more test animals than 
another is partly accidental, partly due to the fact that mussels 
may leave a glued on congener again after having found it. 
A group once having been formed has more chance to catch 
mussels than a solitary individual, so that the advantage of the 
group over a single mussel becomes continually greater. 

In the right part of the basin, where the water runs more 
quietly, the groups originate and grow more regularly. 

It follows from these observations on the crawling of young 
mussels and the gradual growth of groups of such mussels under 
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conditions imitating — if only in miniature — those in the field 
that the mussels reach congeners by means of the current more 
or less accidentally. This chance to meet other mussels is greater 
the larger the group formed by these; this we also found in 
preceding experiments. Applying this knowledge to what is 
probably taking place in the field the supposition is obvious that 
a mussel bank catches more mussels the more extensive its area. 
As a mussel bank can only develop into an extensive bed where 
the substratum is suitable for attachment, the number of mussels 
sufficiently large, and the current strong enough to transport 
them, the number of mussel beds on our coasts must be limited. 
For the rest one may expect all kinds of transitions from very 
large to very small banks, and this is what one actually finds 
in the fields. 


VII. GENERAL CONCLUSIONS 


Summarizing the results obtained, and especially referring to 
the question how the formation of mussel banks is brought about, 
we find the following. 

It is probable that mussel larvae are extant everywhere in the 
water. Though no allusion was made to this fact previously it 
is of interest that mussels occur in great quantities on the hull 
of Dutch lightships lying some 20 km from the coast, far outside 
the area in which mussel beds are met with. This demonstrates 
clearly over what distances the larvae or young animals may be 
transported by the currents, especially as they do, of course, 
not cross such stretches directly. 

. There is little evidence for Horx’s supposition ‘that spatfall 
chiefly takes place in areas eventually suitable for it by a con- 
currence of favourable conditions. Probably the spatfall is 
scattered over an extensive area. 

At first the young mussels settle on all sorts of substrata, if 
these only give hold: a hard bottom, a ship’s hull, a wooden 
campshot, stones, shells, sand tubes of the worm Lanice con- 
chilega (L.), shells of Balanus species, but also algae, hydroid 
colonies, etc. The main condition is that the substratum is firm, 
and further that it is rough or contains corners, holes, cracks 
or grooves, in which the animals can attach themselves. While 
doing this they point the umbo downwards so as to have it as 
much as possible surrounded by the substratum. On the flats 
they often find this contact between umbo and substratum on 
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the borderline between the latter and the surrounding sand. The 
. umbo is there more or less sunk into the sand, whereas the sipho 
apertures, pointing upwards, remain free. 

Very soon a great number of the young mussels do no longer 
hold on to the original substratum. It is probable that they leave 
it of their own accord and not because the current sets them 
free, for, as VERWEY told me, it also happens in places where 
the current is weak. This detaching probably takes place, 
because the substratum which once satisfied the thigmotactical 
needs of the recently metamorphosed spawn no longer satisfies 
the animals when they have grown somewhat older. 

These detached young mussels are transported by the current 
and in such great numbers that we cannot but assume that they 
instinctively make this transport by the current possible. No 
observations or experiments on the actual transport, except those 
of NELson mentioned on page 17, are known. It is, therefore, 
important that, according to my own observations, mussels may 
keep their foot projected while being dragged along by the 
current. When they come into contact with a firm object they 
immediately seize hold of it. 

If the substratum reached after this transport is suitable for 
the young mussels they attach themselves. Probably they now 
make somewhat higher demands on the substratum than the 
first time and perhaps the hard objects on which they settle must 
be somewhat larger and the grooves which have to satisfy them 
somewhat deeper now. It is further probable that especially in 
the Waddenzee this attaching, detaching, and being transported 
by the current, is passed through by a great number of mussels 
a few or more times in succession before they have reached a 
substratum which will continue to satisfy them at a later age too. 
For it appears from KuENEN’s and my own experiments that 
even mussels of a length of 5 cm, which must have an age of at 
least one year, are still transported by the current. 

The substratum offering a sufficient hold to a full grown 
mussel must, besides being hard, preferably be provided with 
deep hollows. This kind of substratum is rare in an area as the 
Waddenzee with its sandy or muddy bottom. Properly speaking 
it is only supplied by cocklebeds which have been laid bare by 
the currents, and by musselbeds. 

Probably, then, the reason why mussels congregate in such 
vast numbers is no other than that the mussel banks attract all 
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the animals carried past on account of the structure of their 
surface only. 

Consequently, everything points to the fact that the mussels 
do not find the mussel bed by chemoperception, but that they 
reach it more or less accidentally owing to these qualities: 

1. to detach themselves when the substratum does not satisfy 
their thigmotactical needs; 

2. to let themselves transport by the current so long as a 
suitable substratum is lacking; 

3. to settle there where their thigmotaxis is satisfied. 

It is obvious that some mussels will reach their purpose soon 
and that others will need a very long time and only reach a 
mussel bank when they have grown up to a fairly large size. 
The final result will be reached the sooner the greater the 
number of mussel beds in the area and the more extensive they 
are. It would be interesting to continue the investigations in 
this respect. 
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After I had finished the manuscript of this paper P. Korrin- 
GA’s Experiments and observations on swarming, pelagic life and 
setting in the European flat oyster, Ostrea edulis L. appeared in 
this periodical vol. 5, 1-249, 1941. It contains many points of 


interest in connection with my paper, to which it was too late 
to refer, however. 
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FENESTRA MEDIO-PALATINALIS UND 
INTERPTERYGOIDALSPALT 
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C. J. VAN DER KLAAUW UND J. M. VAN ROON 


ZOGLOGISCH LABORATORIUM DER RIJKSUNIVERSITEIT TE LEIDEN 


In einem vor kurzem erschienenen Lehrbuch hat einer von 
uns (VAN DER Kiaauw, 1941, S. 259) die Fenestra medio- 
palatinalis und den Interpterygoidalspalt begrifflich getrennt 
und dies nur mit dem folgenden Satz (in deutscher Ubersetzung) 
begriindet: ,,Da das Palatoquadratum in einem mehr ventralen 
Niveau als die Unterseite des Primordialneurokraniums zu 
liegen pflegt, kann man ausser den schragliegenden Fenestrae 
medio-palatinales auch noch einen horizontalen Raum zwischen 
den medialen Randern der beiden Entopterygoiden unter- 
scheiden, den sog. Interpterygoidalraum, welcher — bisweilen 
schmal sein kann und dann Interpterygoidalspalt heisst’’. 

Es ist uns bekannt, dass diese begriffliche Trennung nicht 
ublich ist. Darum ist eine nahere Besprechung erwiinscht, 
wobei uns auch die Moglichkeit gegeben ist auf die tieferen 
Griinde sowie auch auf die Bedeutung dieser begrifflichen 
Trennung naher einzugehen. 

Die Benennung des sog. Interpterygoidalspaltes ist schon sehr 
alt. Die fiir uns so wichtige Arbeit von VERsLUys (1912) ent- 
nimmt, dem Texte nach zu urteilen, diesen Begriff den Arbeiten 
Newtons, weshalb wir die betreffenden Stellen erst anfiihren 
wollen. Wir wollen aber die Bemerkung einschalten, dass repro- 
duzierte Schadelabbildungen darauf hinweisen, dass dieser 
Name VERsiLuys auch von anderer, von ihm zitierter Seite be- 
kannt gewesen ist. Siehe VersLuys Fig. D?, welche BRowNn 
(1905, Pl. III und S. 4, 8, 11, 22) entnommen ist. Wir weisen 
auch auf folgende von VerRsLuys (1912) angefiihrten Arbeiten 
hin: Owen (1881, S. 94, 96, 100, 102, 103, Pl. 25, Fig. 1), 
Anprews (1896, S. 247 Fussnote, 251; dieser Arbeit entnimmt 
schon VeERsLuys, 1909, Fig. GC den Name ,,interpterygoidaler 
Spalt”?), Smrrx Woopwarp (1902, S. 2, 5), WILLISTON (1902, S. 
528, Pl. 2, Fig. 1), MaGrecor (1906, S. 43, 44, 84, 89) und 
AnpreEws (1910, S. 28, 81, 154, Fig. 47, 74). 
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Newton (1894 a, S. 479, 488) fiihrt ein ,,median aperture 
of the palate” an, welche ,,occupies precisely the position of 
the interpterygoid vacuity” und in einer anderen Arbeit sagt 
NeEwTOon (1894 b, S. 578, 585) von den Pterygoiden eines anderen 
Fossils ,,leaving no indication of any inter-pterygoid foramen’’. 
Die Beispiele, welche NewrTon anfiihrt, sowie auch die syste- 
matische Bedeutung der Grdésse dieser Offnung, worauf er 
- hindeutet, machen es deutlich, dass er hier auf bekannte Sachen 
in der damaligen Literatur eingeht und auch keinen neuen 
Namen einfiihrt. Wir werden hier nicht versuchen, 4ltere 
Literatur eingehend anzufiihren und weisen nur auf Owens 
Handbuch hin (1866, S. 157, 158, Fig. 98 D; die ,,interpterygoid 
vacuity” ist unpaar; die paarigen Offnungen beim Frosch, die 
»are divided from each other by the basisphenoid’”’, nennt 
OwEN ,,pterygo-maxillary vacuities”, die den lateralen Gaumen- 
liicken der Reptilia homolog sind; siehe S. 156, Fig. 98). 

VERSLUYS (1912, S. 613) fiihrt in seiner Besprechung von 
Pareiasaurus erstgenannte Arbeit NEwrons an und nennt die 
betreffende Offnung ,,den interpterygoidalen Spalt’’ (siehe auch 
Fig. N, R, D®). Und auf die zweite Arbeit Newrons hinweisend, 
sagt VERSLUYS (1912, S. 644) von dem Schadel von Erpetosuchus: 
yin der Mittellinie des Munddaches liegt eine schmale, vorn 
bis zwischen die inneren Nasen6ffnungen reichende Vertiefung, 
die wohl als ein interpterygoidaler Spalt (Deckenspalt) gedeutet 
werden muss’’. An anderer Stelle (1912, S. 629, Fussnote) sagt 
VeRsLUYs aber: ,,Die Bezeichnung ‘interpterygoidaler Spalt’ 
ist gewiss nicht sch6n, und ich werde daher denselben meistens 
‘Deckenspalt’ nennen” (siehe auch S. 629, 630, 643, 644, 648, 
667, 669, 673; Fig. F*, J?, W®). An anderer Stelle (Fig. L) heisst 
er auch ,,Gaumenspalt”, VERsLuys erwahnt an einigen Stellen, 
dass das Rostrum sphenoidale oder das parasphenoidale Rostrum 
in der Tiefe des interpterygoidalen Spaltes (oder Decken- 
spaltes) liegt (S. 613, 673). Auch sagt er, dass das Parasphenoid 
in der Mitte des interpterygoidalen Spaltes” liegt (S. 603, 
Fig. O, Q). 

Boas (1914), der mit der Mitteilung anfangt, dass von einer 
speziellen Behandlung der einschlagigen Literatur abgesehen 
wurde (S. 229), benutzt nur den neuen Namen Mediopalatin- 
liicke. Bei den terrestren Wirbeltieren, wo Boas die Medio- 
palatinliicke unterscheidet, ist sie nach ihm dadurch entstanden, 
dass das Palatoquadratum ,,an einer begrenzten Stelle” (womit 
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wohl die Basipterygoidverbindung gemeint ist) sich der Schadel- 
basis angelegt hat, wodurch ,,die grosse Spalte in zwei, die Medio- 
palatinliicke und die Pteroccipitalliicke, geteilt wird’’ (S. 239). 
Mit der genannten ,,grossen Spalte”’ ist offenbar die breite Spalte 
zwischen der Schadelbasis und dem Palatoquadratum gemeint, 
welche bei den meisten Fischen besteht (S. 237, auch S. 232). 
Bei der Verbindung des inneren Randes des Palatoquadratums 
mit den ventralen Teilen des Schadels, die eine gréssere oder 
geringere Ausdehnung haben kann, bleibt die Mediopalatinliicke 
als eine Liicke zwischen dem’ Sphenoid und dem Palatoqua- 
dratum tibrig (S. 307). Die Mediopalatinliicke ist also im Prinzip 
eine paarige Liicke. Dies ist deutlich der Fall bei den platy- 
basischen Stegocephalen und Amphibia. Ausdriicklich erwahnt 
Boas dies fiir die Gymnophiona; hier liegt ,,auf jeder Seite des 
breiten Parasphenoids die Mediopalatinliicke” (S. 243). Bei 
den tropidobasischen Schadeln ist der Sachverhalt weniger 
deutlich. Wir finden fiir diese Gruppen denn auch Beschrei- 
bungen, die auch eine andere Auffassung zulassen oder sogar 
andeuten. So sagt Boas (S. 260) bei der Besprechung der Cotylo- 
sauria, dass die Mediopalatinliicken ,,in der Mitte fast mitein- 
ander verschmolzen”’ sind, ,,indem der Teil der Schadelbasis, 
durch welchen sie getrennt sind, ganz schmal geworden ist” 
(in Fig. 38 fehlt diese trennende Schadelbasis) und fiir die 
Saurier erwahnt Boas (S. 267): ,,Die schmale Sphenoidalkante, 
welche die Mediopalatinliicken trennt, liegt manchmal, bei 
Betrachtung des Schadels von der Unterseite, etwas tiefer als die 
Palatoquadrata, so dass beide Liicken gewissermassen zu einer 
unpaaren zusammenfliessen’’. Die angefiihrten Ausdriicke ,,fast”’ 
und ,,gewissermassen”’ sind die letzten schwachen Hindernisse, 
in den genannten Gruppen die paarige Mediopalatinliicke dem 
unpaaren Interpterygoidalspalt gleichzustellen. An anderer 
Stelle (S. 264, 280) sagt Boas aber wieder deutlich, dass die 
schmale Basisphenoidkante bzw. das schmale Sphenoidalrostrum 
der Rhynchocephalia und der Ichthyosauria die Mediopalatin- 
liicken voneinander trennt. In einer Anzahl von Abbildungen 
von der Schadelbasis fossiler tropidobasischer Gruppen fehlt die 
Basis des Primordialneurokraniums vollstandig (Fig. 38, 74, 
vielleicht auch Fig. 75) oder ist nur ein kurzes Rostrum sphenoi- 
dale da, so dass die Liicke ungeteilt, bzw. nur teilweise paarig ist 
(Fig. 39, 63). Fiir Loxomma und Pteroplax, welche ventral ge- 
sehen bestimmt keine paarigen Liicken zeigen, sondern nur den 
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einen unpaaren Spalt zwischen den Pterygoiden, erwahnt Boas 
_ (S. 241), dass die Mediopalatinliicken enge Spalten sind (die 
Bemerkung tiber Loxomma und Pteroplax ist ausnahmsweise der 
Literatur entnommen; Watson 1912, S. 8 nennt diesen Spalt 
»inter-pterygoid vacuity”; Boas’ Fig. 62 ist nach MCGREGOR 
1906, der auch den Begriff ,,interpterygoid vacuity” auf S. 43, 
44, 84 und 89 benutzt). 

Der Name Mediopalatinliicke wird also von Boas nicht nur 
fiir den prinzipiellen Fall der paarigen horizontalen oder schrag- 
liegenden Liicke zwischen dem Palatoquadratum und dem 
Seitenrande der Basis des Neurokraniums benutzt, sondern 
auch fiir den horizontalen Spalt zwischen dem linken und dem 
rechten Palatoquadratum. Dies geht auch aus der Vergleichung 
seiner Fig. 92 und 93 hervor (Querschnitt des Schadels eines 
Varans und einer Boa durch die Augenhdhle). Also kénnen 
nach Boas die Mediopalatinliicken fehlen oder geschlossen sein, 
erstens dadurch, dass die beiderseitigen Palatina und Ptery- 
goidea in der Mitte zusammengetreten sind, wie bei den Cro- 
codilia (S. 275), zweitens auch dadurch, dass die Palatoquadrata 
sich der Unterseite des Schadels iiberall eng angelagert haben, 
wie bei Cynodontia, Schildkréten und Saugetiere (S. 281, 288, 
299). 

Die Angaben ABeEzs (1919) in diesen Fragen kénnen am besten 
fir die Stegocephalen und Amphibia bzw. fiir die Reptilia 
gesondert angefiihrt werden. 

Bei der Besprechung der Offnungen des Stegocephalen- 
schadels nennt ABeL (1919, S. 249, Fig. 193, 228) die ,,Fenestra 
palatinalis (= Fenestra mediopalatinalis = Gaumengrube)”’, 
, die in der Mittellinie durch das Parasphenoid in eine rechte 
und linke Halfte zerlegt wird”. Mit dieser Ausdrucksweise 
werden die beiden Mediopalatinliicken von Boas als eine einzige 
Fenestra aufgefasst, welche in eine linke und rechte Halfte 
geteilt ist, oder — konnen wir u.E. hinzuftigen — geteilt sein kann, 
da es ja davon abhingt, ob die Schadelbasis im selben Niveau 
liegt oder nicht. So wird die Gleichstellung mit dem Interpte- 
rygoidalspalt vorbereitet, obgleich ABEL diesen Schritt nicht 
macht. Bei den Stegocephalen spricht er nirgendwo von einem 
Interpterygoidalspalt. — In seiner Abbildung von Ichthyophis 
(Fig. 253) nach Boas heisst Boas’ ,,Mediopalatin-Liicke” ,,Fe- 
nestra palatinalis’’. . 

Fir die Reptilia gibt Apert leider keine derart einfiihrende 
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Besprechung der Schadeloffnungen. Dies hat wohl zur Folge, 
dass er nur hier und da die Offnungen im Texte bespricht oder 
nur in Textfigurerklarungen nennt, ohne zu einer einheitlichen 
Terminologie und einer begrifflichen Trennung zu kommen. 
Offenbar wird Aset dabei sowohl von eigenen Auffassungen 
uber die Stegocephalen, wie auch von denjenigen in ange- 
fuhrten Beschreibungen und Abbildungen friiherer Autoren, 
geleitet. 

Fangen wir die Besprechung der Textangaben ABELs mit 
dem komplizierten Falle von Thaumatosaurus an (S. 491, 495, 
Fig. 390). Hier sind die Verhaltnisse deshalb so kompliziert, 
da ,,die Pterygoidea vor und hinter der durch das Parasphenoid 
zweigeteilten Liicke in der Mittellinie des Schadels zusammen- 
stossen”’. Wir finden deshalb eine unpaare Offnung, die mediane 
Liicke vorne zwischen den Pterygoidea (die Fenestra palatinalis 
anterior) und eine paarige Offnung hinten, wo das Parasphenoid 
zwischen den Pterygoidea sichtbar ist cal wo das Parasphenoid 
zwischen sich und den Pterygoidea ,,jederseits die ‘Parasphenoi- 
dalliicke’ freilasst’? (in Fig. 390 Fenestra palatinalis posterior 
genannt; dieser Name ist vielleicht unter Einfluss von ANDREWS, 
1896, S. 247, 251 —siehe auch 1910, S. 81, Fig. 47, 74 — gebildet, 
der von ,,posterior palatine foramina” und ,,vacuity”’ spricht; 
siehe aber FRAAS, 1910, S. 127 Fussnote 2). Thaumatosaurus zeigt 
noch eine paarige Fenestra palatinalis: die Fenestrae palatinales 
laterales, die schmalen Liicken an den Grenzen von Pterygoidea 
und Palatina; diese sind wohl den lateralen Gaumenliicken 
Boas’ gleichzustellen. — Wir sehen also, dass ABEL einen neuen 
Namen einfiihrt: die Parasphenoidalliicke (siehe auch S. 498), 
ohne dies weiter zu begriinden (Wixuiston, 1908, S. 716, 718, 
719, 735 unterscheidet bei Trinacromerum ,,parasphenoidal va- 
cuities’”’ von ,,the (real) (true) interpterygoidal vacuity”; in 
Fig. 399 benutzt Apexi aber ciese Namen nicht). Wir sehen 
auch, dass ABEL unter dem gemeinschaftlichen Namen Fenestra 
palatinalis verschiedene Offnungen zusammenfasst; es gibt ja 
eine Fenestra palatinalis anterior, posterior und lateralis. Bei 
den Stegocephalen war, wie wir gesehen haben, der Begriff 
Fenestra palatinalis synonym mit Fenestra mediopalatinalis, bei 
den Reptilien ist dies also nicht der Fall. Zum Schluss ist bei 
ABEL (Fig. 344, 411) auch noch gelegentlich die Rede von einer 
Fenestra palatinalis mediana, welche man mit einer ungeteilten 
Fenestra palatinalis anterior und posterior gleichstellen kénnte. 
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Dieser Name Fenestra palatinalis mediana ist wahrscheinlich 
’ dem Texte der Arbeit, in der sich eine der urspriinglichen Fi- 
guren vorfindet, und in der JAEKEL (1904, S. 183) die ,,lange 
spindelfoérmige Offnung” das ,,mediale Gaumenloch” nennt, 
entnommen; an anderer Stelle spricht JAEKEL (1910, S. 219) 
nur von einer ,,Langsrinne, die von den inneren Fliigeln der 
Palatina und Pterygoidea gebildet wird’, ohne dieser Rinne 
einen Namen zu geben. 

Die Bezeichnung Fenestra palatinalis oder palatina lasst es 
also unentschieden, welche Offnung im Gaumendach vorliegt. 
In einigen Fallen zeigen die Abbildungen deutlich, dass die 
Fenestra palatinalis oder palatina eine Mediopalatinliicke Boas’ 
ist (Fig. 289, 357, 448). Auch Textangaben kénnen eine Iden- 
tifizierung einer Fenestra palatinalis mit der Mediopalatinliicke 
von Boas sicher stellen, z.B. wo gesagt wird (S. 459), dass das 
Parasphenoid ,,die grosse Fenestra palatinalis teilt”. — Eine 
Fenestra palatinalis kann im Prinzip aber auch eine laterale 
Gaumenliicke von Boas sein. Dies ist sehr wahrscheinlich der 
Fall in Fig. 350 von Champsosaurus, wo die Textfigurerklarung 
meldet: ,,Orbita (von unten gesehen), unter ihr die Fenestra 
palatinalis”, was wohl dem urspriinglichen Texte BRowns ent- 
nommen ist, wo es heisst (1905, S. 8): ,, There is a large palatine 
foramen below each orbit’’. ,,Below” bedeutet hier nicht ,,unten 
in der Figur”, sondern ,,mehr ventral’’ (sieche seine Taf. III). 
Eine Mediopalatinliicke ist damit bestimmt nicht gemeint, da 
Brown auch das ,,interpterygoid foramen” oder ,,interptery- 
goid fenestra’? kennt (1905, S. 4, 8, 11, 22, Pl. III). Dass Apex 
von ,,Fenestra” statt von ,,Foramen”’ spricht, ist unwesentlich, 
da ja Brown im Texte diese Offnung nicht nur ,,palatine fo- 
ramen’’, sondern auch ,,palatine fenestra” nennt (BROWN, 1905, 
S. 4, 8, 11). In anderen Fallen fiigt Apex aber das Adjektiv 
lateralis hinzu (Fig. 289, 411), namlich bei Schadeln, bei denen 
entschieden eine laterale Gaumenliicke vorliegt. — Genau wie 
die Bezeichnung Fenestra palatinalis ohne weiteres fiir die kom- 
plizierteren Zustande bei den Reptilien unbestimmten Cha- 
rakters ist, ist dies offensichtlich auch der Fall mit der blossen 
Bezeichnung ,,Gaumengrube’’. Bei den Stegocephalen war ja 
Gaumengrube synonym mit Fenestra palatinalis, d.i. mit der 
Fenestra mediopalatinalis (ABEL, 1919, S. 249). In der Abbildung 
eines Reptils, Triassochelys (Fig. 302) ist die ,,Gaumengrube” 
aber keine Mediopalatinliicke, sondern eine ventrale Schlafen- 
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6ffnung oder Gaumenschlafengrube AseEts (S. 249), vielleicht 
kombiniert mit einer lateralen Gaumenliicke. 

Fassen wir das von ABEL iiber die Mediopalatinliicke der 
Reptilien gesagte zusammen, so haben wir gesehen, dass fast 
iiberall von einer unpaaren Offnung die Rede ist. Es handelte 
sich ja um eine durch das Parasphenoid in der Mittellinie 
halbierte Liicke, um eine mediane Liicke zwischen den Ptery- 
goidea, um eine Fenestra palatinalis mediana, um eine durch 
das Parasphenoid geteilte Fenestra palatinalis. Nur beim Ein- 
fiihren des Begriffes Parasphenoidalliicke, welche das Para- 
sphenoid zwischen sich und den Pterygoidea jederseits freilasst, 
liegt der Gedanke einer paarigen Liicke nahe. Einige weitere 
Bemerkungen bei ABEx (S. 487, 495, Fig. 383), wo er die Medio- 
palatinliicke anfiihrt ohne ihr einen Namen zu geben, sind 
damit im Einklang; hier wird gesagt, dass zwischen den Ptery- 
goidea eine sehr schmale Spalte frei bleibt, woran im zweiten 
Beispiele hinzugeftigt wird: ,,diese Spalte wird in ihrem hinteren 
Teile durch das langgestreckte Parasphenoid halbiert” (im 
vorderen Teile fehlt ja die Basis des Primordialneurokraniums). 
ABEL trennt also nicht bewusst eine paarige Mediopalatinliicke 
von einem unpaaren Interpterygoidalspalt. Nur in einer Figur 
(Fig. 270) erwahnt ABEL eine Fossa interpterygoidea; diese 
Figur ist aber VERsLUys entnommen (1912, Fig. R), der hier 
von einem ,,interpterygoidalen Spalt’”’ spricht (die Breite dieses 
Raumes war fiir ABEL wahrscheinlich Anlass hier von Fossa 
statt Spalt zu sprechen). 

In einem Lehrbuchabschnitt verbindet nun VERsLuys (1924, 
S. 313; 1927, S. 254) all diese Befunde und Benennungen. Fiir 
die Amphibia erwahnt er, unter Anfiihrung von ABEL (1919) 
und Boas (1914), die Fenestra palatinalis, welche als ein sehr 
weites Fenster medial von Pterygoid und Pars palatina bis an 
die Basis des Neurokraniums ‘iegt; bei Gymnophiona, vielen 
Urodelen und einem Teil der Stegocephalen ist das ,,medio- 
palatine Fenster’ schmaler. Bei den 4ltesten Stegocephalen, 
wo die Pterygoidea sehr breit waren, findet man an Stelle einer 
sehr weiten Fenestra palatinalis nur einen schmalen medianen 
Spalt (Munddachspalt oder interpterygoidaler Spalt) (1924,°S. 
320; 1927, S. 260). Bei den Reptilien lassen nach VERsLuys 
(1924, S. 329; 1927, S. 267) die Pterygoidea nur eine schmale 
Fenestra palatinalis zwischen sich: den Munddachspalt oder 
interpterygoidalen Spalt, in dessen Mitte der schmale Unterrand 
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des Septum interorbitale mit dem Processus cultriformis liegt 
’ Dieser Spalt kann lang oder kurz sein; dadurch, dass die Ptery- 
goidea median aneinander anschliessen, kann der Munddach- 
spalt sogar verschwinden. — Wir sehen also, dass VERSLUYS 
keinen prinzipiellen Unterschied zwischen einer paarigen Liicke 
und einem unpaaren Spalt macht und dass bei ihm Fenestra 
palatinalis, mediopalatines Fenster, Munddachspalt und inter- 
pterygoidaler Spalt entweder identisch oder durch allmahliche 
Ubergange miteinander verbunden sind. Wir wollen aber nicht 
weiter auf die zusammenfassenden Bemerkungen in dieser 
Arbeit von VERsLUys eingehen, da dieser Autor 1936 eine ein- 
gehendere Zusammenfassung publiziert hat. 

In seiner zusammenfassenden Bearbeitung des Reptilien- 
kraniums nennt VERsLuys (1936, S. 737) den schmalen Raum 
zwischen den Pterygopalatinspangen ,,Deckenspalt (VERsLUYS 
1912) oder interpterygoidalen Spalt’ und fiigt hinzu: ,,Boas 
(1914, S. 239) nannte ihn Mediopalatinliicke”. Meistens ge- 
braucht VerRsLuys in dieser Arbeit den Namen Deckenspalt(e) 
(S. 702, 737, 774, 777, 783; Abb. 523; 524, 564, 566). VERsLUYs 
(S. 699) nennt den schmalen Spalt zwischen den Pterygoiden 
auch wohl ,,Fenestra palatinalis oder Deckenspalt”’, an anderen 
Stellen heisst er ,,interpterygoidaler Munddachspalt” (S. 788, 
801) oder ,,interpterygoidaler Deckenspalt’” (S. 737). Der 
Deckenspalt ist also nach VERsLUys eine unpaare Offnung. 
Merkwiirdigerweise sagt aber VERsLUys auch (S. 737), dass bei 
den Reptilia der Deckenspalt ,,jederseits vom Rostrum sphenoi- 
dale nach hinten bis zu den Basipterygoidfortsatzen”’ reicht, was 
auf eine paarige Offnung hinweist. Die relative Unabhangigkeit 
der Niveaux der Pterygopalatinspange und der Basis des Primor- 
dialneurokraniums wird dabei ausser Betracht gelassen. Dass 
dies Verstuys natiirlich nicht unbekannt war, ist selbstverstand- 
lich, es geht ausserdem auch daraus hervor, dass nach ihm (S. 
737, Abb. 566, 618) beim sekundaren Verschluss oder bei der 
Reduktion des Deckenspaltes die sich ausdehnenden Pterygoide 
das Parasphenoid entweder zwischen sich fassen oder es von 
ventral her verdecken und von der Bildung des Mundhéhlen- 
daches ganz ausschliessen. 

Zum Schluss wollen wir hier die zusammenfassende Dar- 
stellung des Schadels der Stegocephalen und Amphibien von 
STADTMULLER (1936) aus demselben Handbuche besprechen. 
Bei den Stegocephalen nennt STaptMULLER (S. 509) das gut 
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entwickelte, meist grosse und breite Fenster, welches das Os 
pterygoideum von der Gehirnkapsel trennt, und also u.E. als 
ein paariges Fenster betrachtet wird: Fenestra subocularis. 
Daraufhin folgt die Mitteilung, dass ,,eine ahnliche Fenestra 
oder eine Interpterygoidalliicke’”’ wohl von den 4ltesten Stego- 
cephalen tibernommen wurde (S. 509, Abb. 380). Es ist sehr 
wohl méglich, dass SrapTMULLER Fenestra subocularis und 
Interpterygoidalliicke nicht als identisch betrachtet, sondern 
die unpaare Offnung mit dem Namen Interpierygoidallacke 
versehen will. Er erwahnt ja, dass bei den primitivsten Stego- 
cephalen, in allerdings seltenen Fallen, die stark vergrésserten 
Pterygoide in der Mittellinie aneinander grenzen, ,,dabei fehlen 
Gaumengruben (Fenestrae suboculares oder Interpterygoid- 
liicken) fast vollstandig” (S. 513). An anderer Stelle bemerkt 
STADTMULLER (S. 603) von diesen Stegocephalen, dass sie einen 
geschlossenen, nicht fenestrierten, nur mit einer schmalen 
Interpterygoidliicke versehenen Gaumen besitzen. Sofort darauf 
folgt aber wieder eine Mitteilung (beziiglich der Dipnoi), 
woraus ersichtlich ist, dass Interpterygoidliicke und Fossa - 
subocularis (SEWERTZOFF, 1926) einander gleichgestellt werden. 
Nun war nach STADTMULLER (S. 603) ,,bei den meisten (und 
typischen) Stegocephalen die Interpterygoidliicke grésser ge- 
worden und gab dem fenestrierten Gaumen mit divergierenden 
Pterygoiden (Abb. 381) den Ursprung (grosse Mediopalatin- 
liicken Boas’, ...)’’. Auch hieraus wird es nicht deutlich, ob 
dadurch statt der unpaaren Interpterygoidliicke die paarige 
Mediopalatinliicke am Schadel, gerade ventral gesehen, auf- 
tritt. Diese Undeutlichkeit wird ebenfalls nicht aufgehoben in 
STADTMULLERS Auseinandersetzung der Ansichten Boas’ in 
diesen Fragen iiber die ,,Mediopalatinliicke (= Gaumengrube)”’ 

u. dgl. (S. 606). In der Richtung der Auffassung der Medio- 
palatinliicke als eine paarige Offaung weist vielleicht wieder die 
Bemerkung (S. 640/641), dass bei vielen Stegocephalen der 
Processus cultriformis des Parasphenoids sich zwischen den 
meist grossen Mediopalatin- oder Gaumenliicken nach vorn 
erstreckt. — Bei den Gymnophionen spricht STADTMULLER von 
den Mediopalatinliicken (S. 607, Abb. 442), ebenso bei den 
Urodelen (S. 612, 614, Abb. 461), bei den Anura von den ,,Me- 
diopalatinliicken (Fossae suboculares, SEwWERTZOFF 1926 b)” 


(S. 607, Fig. 426, 443, 444). 
Es gibt noch mehr Benennungen der besprochenen Offnungen 
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in der Literatur, welche in den oben angefiihrten Arbeiten 
' nicht benutzt werden, wie z.B. (siehe auch LAKJER, 1927, S. 63): 
Fenestra subocularis (GaupP, 1893, S. 292, 315,437, laf. XIV, 
Fig. 13, 24; 1896, S. 37, Fig. 17; 1905, Fig. 366, 367; SEWERT- 
ZOFF, 1926, S. 80); Pterygoidspalte und Palatopterygoidspalte 
(BuscH, 1898, S. 446, 448 usw.) und Vordermittelspalte (LAKJER, 
1927, S. 63 usw.) 1). < 

Nach unserer Meinung hat man zwei Offnungen im Median- 
teil der Schadelunterseite *) der Reptilia und Amphibia zu 
unterscheiden (siehe Fig. 1): 1. Den Interpterygoidalspalt, 
welcher zwischen den Medianrandern der Entopterygoidea 
liegt, sich aber auch zwischen denen der Palatina und Vomeres 
ausdehnen kann. Dieser Spalt ist unpaar, eine linke und rechte 
Halfte liegen in einer einzigen ,,horizontalen” Ebene und er ist, 
wenn tiberhaupt vorhanden, ventral gesehen, immer sichtbar. 
—Jedoch wenn die Schadelbasis so weit ventralwarts reicht, dass 
sie den Raum des Spaltes ausfiillt, wird dieser geschlossen. Er 
kann auch in zwei Teile geteilt werden, dadurch, dass die — im 
Verhaltnis zur Breite des Spaltes — relativ schmalere Schadel- 
basis so weit ventralwarts reicht, dass sie das Niveau des Spaltes 
erreicht oder sich sogar noch weiter nach unten ausdehnt. 
— Ist der Raum zwischen den Medianrandern der Entoptery- 
goidea usw. breit, so mag es besser sein, statt von Interptery- 
goidalspalt, von Interpterygoidalraum zu sprechen. — Die Ent- 
wicklung des Interpterygoidalspaltes und -raumes ist vor allem 
wichtig fiir die Frage nach der Bildung des Munddaches. 

2. Die Fenestra medio-palatinalis, welche zwischen dem 
Seitenrande der Basis des Primordialneurokraniums und den 
Entopterygoidea und. Palatina liegt, hinten bis zur Basiptery- 
goidverbindung, vorne bis zur Anheftung der Palatopterygoid- 


1) Bei Laxjer ist der Vordermittelspalt eine unpaare Offnung (S. 63, 
183, 189, 230; Fig. 79-84), auch bei den Amphibia (S. 203). Nur an einigen 
Stellen kénnte man meinen, dass nach Lakyser der Vordermittelspalt eine 
paarige Offnung sei, z.B. wo er sagt, dass sie vom Rostrum parasphenoidale 
geteilt wird (S. 63, 74, 194, 203), trotzdem betrachtet LAKJER ihn als einen 
einzelnen Raum (S. 203). 

2) Die folgende Beschreibung und die Textfigur bezieht sich nur auf 
die Falle, in welchen das Parasphenoid der Unterseite des Primordialneuro- 
kraniums eng angeschlossen ist und nicht breiter ist als diese Unterseite. 
In den Fallen, in welchen das Parasphenoid in deutlicher Entfernung von 
dieser Schadelbasis liegt oder (und) in welchen es breiter ist, sind die Ver- 
haltnisse komplizierter. 


/ 


Fig. 1. Schematische Figuren zur Erlauterung der theoretisch méglichen 
Entwicklungsfalle des Interpterygoidalspaltes und der Fenestra medio- 
palatinalis; linke Abb. von platybasischen, rechte von tropidobasischen 
Schadeln. b.c. = Basis cranii; c.c. = Cavum cranii; pt. = Pterygoid; s.i.o. = 
Septum inter-orbitale; -—--—-— = Interpterygoidalspalt; -——— = Fenestra 


medio-palatinalis. 
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spange an das Primordialneurokranium reicht. Diese Fenestra 
kommt paarweise vor, liegt meistens im Verhaltnis zur Ebene 
des Interpterygoidalspaltes in einem schragliegenden Niveau 
und ist, auch wenn vorhanden, ventral gesehen, nicht immer 
sichtbar. Letzteres ist der Fall, wenn der Interpterygoidalspalt 
schmaler oder genau so schmal ist wie die in einem mehr 
dorsalen Niveau liegende Basis des Primordialneurokraniums. 
Jedoch hat es auch in diesen Fallen Zweck, diese Fenestra zu 
unterscheiden, da sie ein Zeichen dafiir ist, dass ein Raum 
zwischen der Basis des Primordialneurokraniums und dem 
Hauptabschnitt der Palatopterygoidspange ist, da dieser Raum 
eine Grundbedingung fiir die Kinese darstellt. — Ist der Inter- 
pterygoidalspalt schmaler oder genau so schmal wie die Basis 
des Primordialneurokraniums, und reicht diese Schadelbasis 
bis zum Niveau des Spaltes oder sogar noch weiter ventralwarts, 
so fehlt die Fenestra medio-palatinalis oder sie ist geschlossen. — 
Ist der Interpterygoidalspalt aber breiter als die Basis des 
Primordialneurokraniums, so ist im Schadel, ventral gesehen, 
die paarige Fenestra medio-palatinalis sichtbar; sie liegt in 
einem schragliegenden Niveau, ausgenommen nur, wenn die 
Unterflache des Primordialneurokraniums genau im Niveau des 
Interpterygoidalspaltes liegt. - Die Entwicklung der Fenestra 
medio-palatinalis ist also besonders wichtig in Beziehung zu den 
Fragen der Kinese und Akinese, zweitens auch in Beziehung zu 
den Fragen des Niveaus der Basis des Primordialneurokraniums 
und der Pterygopalatinspange und im Falle kinetischer Schadel 
auch in Beziehung zu Fragen der Neigung des Processus basi- 
pterygoideus. Letztgenannte Fragen stehen in Beziehung zu 
Fragen der Kinese und der Bildung des Munddaches, auch des 
weichen Munddaches. 

Es muss noch hinzugefiigt werden, dass es der Basis des Pri- 
mordialneurokraniums entlang Unterschiede geben kann im 
relativen Niveau der Basis des Primordialneurokraniums und 
in der relativen Breite des Interpterygoidalspaltes. Ausserdem 
ist bemerkenswert, dass die Basis des Primordialneurokraniums 
teilweise knorpelig sein kann, so dass in trocknen Schadeln, 
nicht nur fossieler Formen, sondern auch rezenter, die Basis teil- 
weise fehlen kann, wobei nur das Parasphenoid iibrig ist. 

Wir wollen in dieser Arbeit unbesprochen lassen, wie sich die 
genannten Sachverhalte in einer bestimmten Reihenfolge, z. B. 
phylogenetisch, ordnen lassen und wo sie vorkommen. 
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ON TWO RHACOPHORUS SPECIES MENTIONED 
BY KUHL & VAN HASSELT 


BY 
Dr L. D. BRONGERSMA 


RIJKSMUSEUM VAN NATUURLIJKE HISTORIE, LEIDEN 


In December 1820, H. Kunt and J. C. van Hassett arrived 
in Java for studies bearing on the natural history of the East 
Indian Archipelago. Although both died within a short time of 
their arrival (KuHL on September 14th, 1821; VAN HassELT on 
September 8th, 1823), they succeeded in bringing together 
extensive zoological collections, and in making numerous notes 
on the animals collected. The artists accompanying them 
(VAN RAALTEN, Keuttjes, Brix) made drawings of the species 
observed. The results of their studies they communicated in 
letters to C. J. Temminck (director of the Leiden Museum), 
W. ve Haan (curator of that museum), and to Prof. TH. van 
SWINDEREN (Groningen). Extracts from these letters were 
published in different journals. In a letter dated Buitenzorg, 
August 8th, 1821, Kunt & VAN HassELT (1822a, pp. 103-104; 
1822b, pp. 475-476; Kun, 1824, pp. 370-371) describe the 
Amphibia, which they had observed during a trip to the top 
of Mt. Pangerango (W. Java). It is in this letter (1822a, p. 104) 
that they describe the genus Rhacophorus in the following words: 
“Twee heerlijkke Hylen vonden wij aan den rand der Rosamalen- 
bosschen, onze aurifasciata en chaleonotus en twee andere nieuwe 
Kikvorschaardige Dieren, welke een eigen geslacht vormen, dat 
het naast bij de Hylen komt, maar door de vorming van den kop 
en huidige lappen tusschen den rug en de onderzijde der extre- 
miteiten en door de geheele gedaante daarvan afwijkt. Wij noe- 
men het geslacht Rhacophorus,. Lappendrager, de. eene soort 
Reinwardti, dewijl ook de Heer kemnwaronrt dit dier gezien heeft, 
de andere soort noemen wij moschata, dewijl zij eenen sterken 
Bisamreuk zeer ver verspreidt.”’ 1) 


1) WotF (1936, p. 149) also cites this description in full, but as this was 
done from a copy written out by me, several errors (no doubt due to my 
bad writing) crept in, and, therefore, I thought it advisable to give the 
complete citation too. The german text (KuHL & Van HassELT, 1822b, 
p. 476) differs in some details from the dutch text, e.g., the “‘huidige lappen”’ 
(dermal flaps, in german: hautige Lappen) appear in the translation as 
‘“‘kantige Lappen’’, the specific name reinwardti is spelled “Rheinwardti”’ in 
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The generic diagnosis, although very short, is “as good as 
most of those given at that period’ (M. A. SmirH, 1927, p. 213), 
and there can be no doubt as to the validity of the generic name 
Rhacophorus K. & v. H., 1822 (M. A. Smiru, l.c.; WoLrF, 1936, 
p- 149). I cannot agree with STEJNEGER’s argument (1907, p. 144) 
that the description was insufficient at the time of its publication, 
as any herpetologist receiving a specimen of Rhacophorus rein- 
wardti reinwardtit (Schleg.) from Java would certainly have 
recognized it as a species of the genus Rhacophorus K. & v. H. 
Another question is, however, whether the two specific names 
mentioned by Kuut & Van Hassett (Rhacophorus reinwardti and 
Rhacophorus moschata) are valid. One might reason, that both 
names are valid, as, besides the generic characters common to 
both species, the musk scent of moschata presents a character to 
separate the species from each other. Another possibility is to 
recognize moschata as valid, as one character is given for this 
species, while reinwardti is a nomen nudum. However, the two 
names are generally considered to be nomina nuda. Accepting 
this latter point of view, we have to deal with a case of a valid 
genus, which at the time of its original description did not 
contain valid species. Different cases of such genera have been 
dealt with in Opinion 46 rendered by the International Com- 
mission on Zoological Nomenclature (Publ. Smiths. Inst., no. 
2060, 1912, pp. 104-107). None of the categories recognized in 
this Opinion agrees completely with the case of Rhacophorus, but 
the fourth category (genera based on a definite number of 
species not mentioned by name) comes nearest to the present 
case; the difference being, that for Rhacophorus two species are 
mentioned by names that are not valid. As stated in Opinion 
46 one of these species must be the type of the genus. Therefore, 
the question arises, whether the two species mentioned by Kuyt 
& Van Hassett can be identified. There can be no doubt that 
Rhacophorus reinwardti K. & v. H. is identical with Hyla reinwardtii 
Schlegel (1840?, pl. 30; 1844, p. 105), for ScurecEr (1844, 
p. 106) states that his Hyla reinwardtii had been discovered in 
Java by Remwaroprt, and that it had been observed too by 


the translation; on the other hand the name of one of the “Hyla’’ species, 
viz., chalconotus is correctly written in the translation, while in the dutch 
text it has been misprinted. The french translation (Kuni, 1824, Pp. 371) 
mentions the dermal flaps as being present on the sides of the body; the 
specific name is written ‘“‘Reinwardtii’’. 
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Kuni & Van Hassett. Wotr (1936, p. 147) fixed Hyla rein- 
wardtu Schleg. as the type of the genus Rhacophorus K. & v. H. 

The identity of Rhacophorus moschata K. & v. H. remained 
doubtful, however. Wo.F (1936, pp. 150, 187) supposes that 
it may be identical with Hyla margaritifera Schlegel (1844, p. 107 
note) (= Rhacophorus schlegelit margaritifer (Schleg.)), but recently 
I discovered that this is not the case. 

Prior to his journey to Java, H. Bor: studied the javanese 
Reptiles and Amphibians for a prospected publication “Erpé- 
tologie de Java’. When Bore left Leiden in 1825, the manuscript 
was ready; in 1830 it was sent to the Imprimerie Normale at 
Brussels to be printed. Indeed part of it appears to have been 
printed. Our Museum possesses proofs of two plates, and one 
finished plate, but apparently nothing has been issued. On 
September 4th, 1841, TEmminck wrote to the Minister for the 
Interior, that at last the manuscript of Bork (the first 44 pages 
lacking) and the drawings had been returned from Brussels; 
he mentions too, that the part which had been printed probably 
had been destroyed as a consequence of a seizure during the 
rise of the Belgians in the autumn of 1830 1). A number of the 
water colour drawings for the Erpétologie de Java were present 
in our Museum, together with manuscript notes, when in 1935 
Dr. Bort (Kiel, Germany) offered for sale to our Museum a 
number of water colour drawings from the inheritance of H. Bor. 
These proved to be the drawings lacking from the set in our 
Museum, as could be checked from a list of the plates for the 
Erpétologie de Java. Among the drawings purchased in 1935 
I found one sheet with a drawing of Rhacophorus reinwardtit. The 
inscription at the bottom of this sheet reads: ‘1. Racophorus 
Reinwardtti, 2. Racoph. moschatus”, and it bears the signature 
<P. v. O.” (= P. van Oort). Unhappily the upper half of the 
sheet with the figure of “‘Racoph. moschatus’ had been torn off. 
A search for the lacking half of the sheet among the drawings 
already at Leiden resulted in finding the drawing of moschatus. 
The part of this half of the sheet that has been preserved fits 


1) Vertu (1879, p. 79) mentions that the Erpétologie de Java was stopped 
after the first part had been issued. I have no knowledge of a first part ever 
having appeared, and I can find no references to it in contemporary litera- 
ture. Therefore, I believe TEmmINncK’s statement that it had been destroyed 
to be correct. ScHLEGEL (1826, 1827) published extracts from Bore’s 
manuscript. 


eae 
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exactly to the lower half, so that there can be no doubt that it 
indeed is the lacking figure. It had been cut out of the original 
sheet by ScHLEGEL, who intended to use it for a plate in his 
“Abbildungen” (1837-1844). An inscription in pencil in 
SCHLEGEL’s hand reads: ‘‘Racophorus moschatus’ of which the 
last word has been struck out, and has been replaced by ‘‘marga- 
ritiferus Boie’? with a further annotation “‘v. Oorr ad nat.” 
In the manuscript notes by Bor I found a description of 
Racophorus moschatus, which, although difficult to decipher (it is 
written in german characters with many abbreviations), un- 
doubtedly refers to the frog shown in the drawing. This frog is 
certainly the Hyla margaritifera of SCHLEGEL (1844, p. 107 note), 
and so far Wo r¥’s conclusion seemed to be correct. A further 
search in the archives of our Museum brought to light the 
manuscript notes made by Kunt and by Van Hassett in Java, 
as well as the drawings made by the artists accompanying them. 
Among these notes I found one leaf marked “Racopherus mo- 
schatus Nob” 1), and which contains the description of a frog 
quite different from Racophorus schlegelii margaritifer. The de- 
scription has been written by Kuut; the locality in which the 
frog had been taken is given as Aloun Aloun 2), and a reference 
is made to a drawing (“tab nostra”). It is clear that this drawing 
to which Kuut refers cannot be the one, which was to have been 
used for the Erpétologie de Java, as the latter was made by 
P. vAN Oort, who together with Bote left for Java on December 
2ist, 1825, about four years after Kunt’s death. Moreover, 
VeTH (1879, p. 38) mentions that the manuscripts and drawings 
of Kuni and Van Hassett reached Leiden on December 24th, 
1825, three days after Bore and VAN Oorr had sailed. At first 
a search for the drawing referred to by Kun was unsuccessful, 
but eventually I found a sheet marked “Mauvaises copies de 
dessins de VAN Oorr etc.”? On this sheet one frog from Samao 
Id. (near Timor) is shown, and which probably was copied 
from a drawing by Van Oort, who accompanied SALOMON 
MULLER to the eastern part of the archipelago in 1828-1829. 
Two drawings are copied from those made by one of Kure 


1) Originally the name was spelled moschata, but the last a has been 
changed into us. 

*) Aloun Aloun = Aloen Aloen is a valley on the S.W. side of Mt. Gedeh, 
W. Java (Aardrijkskundig en Statistisch Woordenboek van Nederlandsch 
Indié, vol. 1, 1869, p. 17, Amsterdam, P. N. van KAMPEN). 
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and VAN HassExt’s artists (originals present), while the fourth 
drawing, according to the inscription, represents “Rhacopherus 
moschatus Aloen-aloen Java’’. The spelling of the name, as well 
as the locality are the same as in Kunt’s notes. With this copy 
at hand, the original was easily traced. It had been cut out of 
the original sheet, and ScHLEGEL had used it as the fourth 
figure illustrating Hyla reinwardtii (SCHLEGEL, 1840?, pl. 30, 
fig. 4). That this is indeed the drawing to which Kunt refers 
in his notes is clear from the description, which exactly fits the 
specimen figured. The description reads as follows: “Color. 
Latere superiori et extremitatum latere angusto externo cum 
digito externo extremitatum omnium ex cano viridibus, obscure 
cinereo punctulato. Lateribus cum extremitatum pagina inferiori, 
digitis que omnibus, externo excepto, croceis, Labiis abdomi- 
neque albidis, collo infra luteo. Macula subaxillari et figuris 
pectoris marmoratis nigris. Palama inter 3 digitos antipedum 
inter 4 autem scelidum caeruleo nigroque variis. Iridibus cano 
argenteis. Pupila transversali horizontali, supra infraque emargi- 
nata. Dorsi tuberculis nullis.” 

The only difference between the description and the drawing 
is, that in the former the pupil is described as emarginated 
above and below (i.e., constricted in the middle, as shown in a 
sketch accompanying the description), while in the drawing the 
horizontal pupil does not show the emargination (constriction). 

Thus from Kuuv’s description, and from the drawing we are 
now able to definitely identify the Rhacophorus moschata of KuHL 
& VAN HassELT; it was based on a (probably young) specimen 
of Rhacophorus reinwardtii reinwardtit (Schleg.). It is certainly 
remarkable that the collections of the Leiden Museum do not 
contain any specimens of reinwardti collected by Kuni and VAN 
HassE.t, but that two specimens of Rhacophorus schlegelit margaritifer 
(Schleg.) collected by Kuni and Van Hassett are present. 

Wotr (1936, p. 150) considers Kuni, & VAN HAssELT’s 
statement (1822a, p. 104; 1822b, p. 476) concerning the musk 
scent of moschata as erroneous. WoLF believes that this scent was 
due to some other animal or to a plant. In this respect KUHL’s 
notes may be of some interest, as he wrote: “Sie gibt einen 
erstaunend starken Bisamgeruch von sich, besonders wenn ‘sie 
einige Zeit in einem Gefasse aufbewahrt worden u komt nun 
heraus, so ist d. Geruch sehr angenehm u stark, wird aber imer 
weniger u zuletzt fast unmerkbar’’. This would point to a 
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definite observation on the subject. It is of course possible that 
’ Kunt and Van Hassevt made an error, but it may be interesting 
to make the experiment again, so as to prove definitely whether 
(young) specimens of Rhacophorus reinwardtu reinwardti give forth 
a scent of musk. SrEDLECKI (1909) in his account of the biology 
of reinwardtii does not mention this scent, nor was it observed 
by Jhr W. C. van HeurNn (verbal information), who kept the 
species in captivity. 

With regard to the name margaritifer (Hyla margaritifera 
Schleg.) Wor (1936, p. 187 note) is in doubt, whether it was 
given with regard to the small dots on the back or with regard 
to the tuberculi above the vent. From a manuscript by SCHLEGEL 
it is clear that the name was derived from the tuberculi. 
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BEOBACHTUNGEN UBER MEDUSEN AM STRANDE 
VON KATWIJK AAN ZEE (HOLLAND) IN DEN JAHREN 
1933-1937 
VON 


H. VAN DER MAADEN 


I. EINLEITUNG 


Vor einigen Jahren machte Herr Dr. G. Stiasny, Konservator 
am Rijksmuseum van Natuurlijke Historie, Leiden, mich auf 
die Wichtigkeit einer Reihe von taglichen Beobachtungen 
wahrend einer langeren Periode iiber das Vorkommen von 
Quallen an der Hollandischen Kiiste aufmerksam. Ich habe dieser 
Anregung Folge geleistet und habe fiinf Jahre lang fast taglich das 
Auftreten der Medusen beobachtet. Hauptzweck der Beobachtun- 
gen war die Periodizitat im Auftreten der Quallen festzustellen. Es 
besteht tiber diesen Gegenstand ein kleiner Beitrag von VAN 
DEINSE (1924), welcher aber wenig detailliert ist. Weiter hat 
STIASNY (1930, p. 20), dem wir so viele Beobachtungen iiber 
Scyphomedusen verdanken, einige Tatsachen mitgeteilt, die ich 
weiter unten nennen will. 

Meine Methode bestand darin, dass ich die am Strande ange- 
schwemmten Quallen zahlte. Ich bekam also nur einen Eindruck 
von der Anzahl, die vom Meer ans Land geworfen wurde, nicht 
von der im Meer anwesenden Anzahl. Es ist deshalb von grossem 
Interesse zu wissen in wie weit diese Zahlen vergleichbar sind. 
Aus den weiter unten gegebenen Einzelheiten geht hervor, dass 
der Wind — wie auch zu erwarten — grossen Einfluss auf das 
Anschwimmen der Medusen ausiibt, mit andern Worten: es 
besteht kein direkter Zusammenhang zwischen der Haufigkeit 
im Meer und auf dem Strande. Nur dies lasst sich sagen: wenn 
viele Quallen angeschwemmt werden, so miissen viele im Meer 
anwesend sein, wenn sie nicht anschwimmen, so kénnen sie sich 
nichtsdestoweniger im Meer zahlreich vorfinden. Da der Wind 
aber selten sehr lange konstant bleibt, so beeinflusst dieser Um- 
stand nicht die Periodizitat im Auftreten der Medusen als ganzes 
genommen; die extremen Daten dieser Periodizitat kénnen im 
Meer aber sehr gut etwas friiher bezw. spater fallen als am 
Strande. 
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Die Beobachtungen wurden, soviel wie méglich bei Niedrig- 
wasser, fast taglich vom Friihling 1933 bis Ende 1937 angestellt. 
Der Strand bei Katwijk aan Zee, wo sie ausgefiihrt wurden, 
erstreckt sich ungefahr NNO-SSW. Hier wurde die Anzahl, 
die tiber einen Abstand von 1 km, zwischen 600 m nordlich und 
400 m siidlich vom Strandpfahl 88 angeschwemmt wurde, ge- 
zahlt und zwar soviel wie méglich iiber die ganze Breite des 
Strandes, sowie im Wasser in unmittelbarer Nahe, bis etwa 3 m 
von der Wasserlinie. Bei grossen Mengen (iiber 2000 pro km) 
wurden die Quallen nur tiber einen Teil des Kilometers gezahlt 
und danach das Ganze geschatzt. 

Die erwahnten Beobachtungen sind nicht schwierig anzu- 
stellen, wenn der Strand flach ist. Anders wird es, wenn durch 
anhaltenden éstlichen Wind ein ziemlich steil abfallender Sand- 
“wall von ca 1-2 m Hohe, auf welchem fast keine Quallen liegen 
bleiben, in der Nahe der Hochwasserlinie gebildet wird. An 
solchen Tagen musste ich meine Beobachtungen auf der trocken 
gelaufenen Sandbank anstellen. Weil sich diese meistens nur tiber 
einen Teil des Kilometers erstreckte, war ich gezwungen die 
Gesamtzahl pro km zu schatzen. — Bei siidwestlichem und nérd- 
lichem Wind entstehen Einbuchtungen des Meeres (hollandisch: 
zwinnen), zwei bis vier pro km, welche schrag landeinwarts ge- 
richtet sind. Diese erschweren die Beobachtungen; es kommt . 
vor, dass an der Miindung und am Ende solcher Einbuchtungen 
sehr viele Quallen zusammen getrieben werden, wahrend auf 
der Bank selbst wenige zu finden sind, vergleiche die Fig. 1. Wenn 
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Abb. 1. Morphologie des Strandes, siehe Text. 


an solchen Tagen die Quallen zweier nebeneinander liegender 
Kilometer gezahlt wurden, gingen die Mengen der pro km 
beobachteten Medusen bisweilen weit auseinander. Solche Tage 
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kamen gliicklicherweise nicht so oft vor und sie haben das 
allgemeine Resultat wenig beeinflusst. 

So oft im Sommer die Garneelenfischer mit ihren Pferden die 
Netze (ein kleines Schleppnetz, hollandisch: kornet) langs des 
Strandes zogen, wurde die Gelegenheit von mir benutzt, die 
Resultate meiner Strandbeobachtungen mit dem Inhalt dieser 
Netze zu vergleichen. Auch beim Schwimmen und Kanufahren 
sammelte ich einige Erfahrungen im Meere selbst. 

Es ist mir eine angenehme Pflicht Herrn Dr. G. Sriasny, 
Leiden, und Herrn Dr. J. Verwey, Direktor der Zoologischen 
Station, Den Helder, Dank zu sagen fiir ihre wertvollen Rat- 
schlage und ihre Unterstiitzung bei meiner Arbeit. Auch 
meinen Freunden in Katwijk aan Zee, besonders Herrn H. 
Brouwer, die wahrend meiner Abwesenheit die Beobachtungen 
fortsetzten, danke ich herzlichst. 


II, BEOBACHTUNGEN 


Die Wahrnehmungen beziehen sich auf die vier Medusenarten, 
die allgemein an der hollandischen Kiiste vorkommen: Cyanea 
capillata (Linné), Aurellia aurita (Linné), Chrysaora hysoscella (Linné) 
und Rhizostoma pulmo (Macri). Sie sind wiedergegeben in den 
Diagrammen. Die Graphik der Cyanea enthalt die Beobach- 
tungen iiber das Auftreten der sogenannten Varietat lamarckii 
Pér. & Les. von capillata (L.), sowie der capillata selbst. 1) 

Die Kurven bediirfen kaum einer naheren Erklarung. Sie 
geben die Zahlen taglich pro km angespiihlter Quallen, sowie 
die mittlere tagliche Windrichtung und -starke, wie sie von mir 
selbst aufgenommen wurde, an. Tage mit fast vélliger Windstille 
oder schwachem, veranderlichem Wind sind mit einer Wellen- 
linie angedeutet worden. Unter den Windkurven steht jedesmal 
die Windstarke angegeben und zwar in 4 Graden: schwach 
(Windstarke 1-2 DE BEAUFoRT), massig (3-4), kraftig (5-6) und 
Sturm (7-8 und héher). Die Zeit meiner Abwesenheit von Kat- 
wijk, wahrend welcher ich keine genauen Angaben sammeln 
konnte, ist mit einer vertikalen, unterbrochenen Linie markiert. 


1) Die Nomenklatur fusst auf der von Maver in Medusae of the World, 
Vol. 3, 1910, gegebenen Synonymenlisten, wodurch die Namen mit den von 
VERWEY in seinem Beitrag in dieser Nummer der Archives benutzten tiber- 
einstimmen. Das systematische Verhaltnis zwischen Cyanea capillata und der 
var. lamarckii habe ich schon in einem vorigen Beitrag (1942) besprochen. 
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Weitere Unterbrechungen in dem Winddiagramm deuten auf 
' vereinzelte Tage, fiir welche ich keine Notizen besass. 


Die Abbildungen zeigen, dass jede der genannten Arten eine 
deutliche Periodizitat in ihrem Vorkommen innehalt. Diese 
Periodizitat wollen wir etwas naher betrachten. 

Cyanea capillata (L.), einschliesslich der Varietat lamarckit Pér. 
& Les., erscheint im Mai. Ich besitze aber auch Funde aus Marz 
(17. und 18. III. 1935) und April (7. und 8. IV. 1934), wahrend 
nach miindlicher Mitteilung Dr. Stiasnys 1939 schon am 5. Fe- 
bruar eine Cyanea in Katwijk gefunden wurde.') Im Juni und Juli 
erreicht Cyanea ihre grésste Frequenz, um dann im August bis 
Ende September und sogar Oktober allmahlich zu verschwinden. 

Die einzelnen Jahre zeigen Unterschiede in der Zahl der Indi- 
viduen und der Zeit ihres Erscheinens. Die Art war sehr zahlreich 
im Jahre 1935. Sie wurde in diesem Jahre auch friiher in 
grosserer Zahl gefunden als in den anderen Jahren. 

Die Varietat lamarckit kommt vom Februar an vor. Die friih im 
Jahr gefundenen Exemplare sind klein, meistens unter 10 cm. 
Wahrend der Sommermonate kommen grosse und kleine durch- 
einander vor. Aus der Tabelle I geht hervor, dass die grossen 
Individuen am Anfang der Periode grésster Haufigkeit dieser 
Varietat relativ am zahlreichsten sind; spater nehmen sie an 
Zahl ab. In dieser Anfangszeit sind sie auch am gréssten; das 
grosste Exemplar (vom 14. Mai 1935) hatte einen Durchmesser 
von 28 cm. Exemplare, welche mit Sicherheit zu der lamarckii- 
Varietat gehdren, habe ich nicht nach dem Monat August ge- 
funden. 

Cyanea capillata selbst wurde von Ende Mai an gefunden. Sie 
kommt viel weniger zahlreich vor als die Varietat lamarckii .Im 
Anfang ihrer Erscheinungsperiode fehlen die gréssten Tiere. 
Diese erscheinen etwas spater als die gréssten der Varietat 
lamarckit. Am 1. und 14. Juli 1935 stellte ich als gréssten Schirm- 
durchmesser einiger Exemplare 40 cm fest. Es sieht aus alsob die 
typische capillata relativ etwas spater verschwindet als die Varietat 
lamarckui, besonders 1933 kénnte darauf hinweisen. Der Unter- 
schied ist aber jedenfalls weniger auffallend als aus StTrasnys 
Angaben (1930) hervorgehen wiirde. 


1) Auch am 15. Februar 1942 fand ich von dieser Art 2 Exemplaré? 
1 Ex. 35 mm, blau, 1 Ex. 23 mm, blaulich durchsichtig; am 29. Marz dieses 
Jahres wurde schliesslich noch ein blaues Ex. von 4 cm gefunden. 
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In Bezug auf die Farbung dieser Art méchte ich auf meine 
oben genannte Mitteilung (1942) hinweisen. 


Aurellia aurita (L.) erscheint in etwas grésserer Zahl meistens 
etwas friiher als Cyanea capillata: immer in der ersten Maihalfte. 
Frithe Daten fiir diese Art fehlen aber ganz, Daten vor dem Mai 
gibt es nicht. Auch ihr Maximum fallt friih, ungefahr eine bis 
zwei Wochen friiher als das der vorigen Art, zwischen Ende Mai 
und Anfang Juli. Der Prozess ihres Verschwindens dauert bis in 
den September hinein. 

Sehr zahlreich wurde Aurellia 1934 angeschwemmt, nicht im 
Jahre *35, dem Jahre in dem Cyanea zahlreich war. Das Maximum 
fiel 1935 friiher als in andern Jahren, nichtsdestoweniger kam 
diese Art gerade ’35 langer in den Sommer hinein vor. 

Obwoh! die Zeit des Auftretens von Aurellia und Cyanea grossen- 
teils zusammenfallt, habe ich doch nie grosse Schwarme beider 
Arten zusammen auf dem Strande gefunden. Dennoch habe ich 
stark den Eindruck bekommen, dass grosse Zahlen beider Arten 
sich wohl gleichzeitig im Meer vorfinden kénnen, aber wahr- 
scheinlich nicht in denselben Wasserschichten. 


Folgende Beobachtung weist darauf hin: 


Den 7. Juli 1934. Nach einigen Tagen mit sehr wenig Quallen stellte ich 
um 6.15 Uhr 2 Aurellia aurita fest. Um 14 Uhr begegnete ich auf einer Kanu- 
fahrt, ungefahr 300 Meter vom Strande entfernt, Hunderten von C. capillata 
var. lamarckii; keine einzige Aurellia war darunter. Darum entschloss ich mich 
um 19 Uhr einen zweiten Beobachtungsgang zu machen. Zu meinem gréssten 
Erstaunen zahlte ich dann: C. capillata var. lamarckii ungefahr 50, A. aurita 
ungefahr 1500! Das Meer muss also am Mittag auch schon mit Aurellia 
bevGlkert gewesen sein; weil ich aber an der Oberflache nichts davon gesehen 
habe, befand sich dieser Awrellia-Schwarm wohl in den tieferen Wasser- 
schichten. 


Wie bei C. lamarckit konnen grosse Exemplare am haufigsten im 
Anfang der Zeit grosser Haufigkeit beobachtet werden. Am 24. 
Mai ’35 fand ich ein Exemplar von 29 cm Schirmdurchmesser, 
am 28. desselben Monats eins von 34 cm. Im Gegensatz zu dem, 
was wir bei Cyanea sehen, geht dieser Zeit grosser Haufigkeit aber 
keine lange Periode geringer Haufigkeit voran, sodass grosse Tiere 
hier sogleich von Anfang an gefunden werden kénnen. 

Die Aurellia-Exemplare haben immer einen weisslich durch- 
sichtigen Schirm, wahrend Gastrovascularsystem und Gonaden 
weiss bis graulichweisslich sind. Ein einziges Mal (23. Juni 1936) 
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beobachtete ich einen Schwarm Aurellia, von denen Kanal- 
. system und Gonaden eine violette Farbung hatten. 


Chrysaora hysoscella (L.) erscheint spater, meistens nicht vor 
August. Nur zweimal fand ich sie im Juni, namlich am 1. Juni 
1935 1 Ex. von 20 mm im Pelagia-Stadium und am 20. Juni 1936 
1 Ex. von 15 cm Schirmdurchmesser. Nur im Jahre 1937 beob- 
achtete ich diese Art auch im Juli und zwar in bedeutender 
Anzahl, (siehe unten). Als Regel fallt das Maximum spater, in die 
2. August - bis 1. Oktoberhalfte. Nach Oktober werden die Tiere 
seltener. Zweimal habe ich sie noch bis in den Dezember hinein 
gefunden: am 3., 4. und 6. Dezember 1933 bezw. 18, 2 und 
2 Exemplare, am 6. und 7. Dezember 1934 bezw. 2 und 1 Ex. 
Diese Beobachtungen stimmen in der Hauptsache mit denen 
STIAsNys (1927, p. 74) tiberein. 

Die Art war offenbar zahlreicher im Jahre 1936 als in den 
anderen Jahren. Ihr Vorkommen fiel dieses Jahr ausserdem sehr 
spat, besonders wenn wir das Maximum mit dem aus dem Jahre 
°37 vergleichen. Nach Stiasny (1927, p. 73) war Chrysaora auch 
1926 sehr zahlreich. 

Grosse Exemplare kénnen auch bei dieser Art am zahlreichsten 
im Anfang der Zeit ihres Erscheinens erwartet werden, also in 
der zweiten August- und ersten Septemberhalfte. Die gréssten 
Exemplare fand ich am 15. Juli 1937. Als gew6éhnlich grésste 
Schirmbreite dieser Art darf man vielleicht 20 cm ansehen. Aber 
an diesem 15. Juli wurde ein Schwarm angeschwemmt, der aus 
Exemplaren von abnormaler Grésse bestand. Die Schirmbreite der 
meisten Tiere war itiber 20 cm und mehrere Exemplare erreichten 
sogar eine Breite von fast 30 cm. Die Masse einiger Exemplare 
folgen hier: 

Schirmdurchmesser 21.5, 22, 23.5, 24, 24, 25, 25 (Lange der 
Mundgardinen 75 cm), 26, 28 cm. Dieses Material befindet sich 
im ,,Rijksmuseum van Natuurlijke Historie” in Leiden. 

Die Farbung und Sternzeichnung hat Srtasny (1927) aus- 
fihrlich beschrieben. Meine Beobachtungen stimmen damit 
iberein. 


Rhizostoma pulmo (Macri) wird ebenso wie die vorige Art erst 
spat im Sommer, nicht vor August, gefunden. Das Maximum fallt 
in den September und Oktober, aber es werden noch im Novem- 
ber Exemplare angeschwemmt. 
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Die Art war zahlreich im Jahre 1936 und besonders °37. Im 
Herbst 1938 war Rhizostoma wahrend fast zweier Monate — 
September und Oktober — bei den verschiedensten Witterungen 
in grosser Anzahl am Strande zu finden. 

Wie bei den vorigen Arten kénnen grosse Exemplare am 
meisten zu Anfang der Zeit ihres Erscheinens beobachtet werden. 
Diese Erscheinung ist bei Rhizostoma zwar nicht so auffallend wie 
bei den andern Arten (grosse Exemplare kénnen in bedeutender 
Anzahl auch im Oktober erscheinen), die gréssten Stiicke habe 
ich aber im Monat August gesehen. Der Schirmdurchmesser kann 
iiber 30 cm betragen. Als grésste Masse der Mundarme stellte 
ich am 27. August 1934 40 cm fest, Mundarme, deren Anhange 
allein schon 15 cm lang waren. 

Die Farbung ist meistens mehr oder weniger intensiv blau. Es 
kommen aber auch Exemplare mit braunlicher, rostbrauner 
oder blass rotbrauner Farbe vor. Seltener ist die Farbe hell bis 
dunkelrosa oder sehr dunkelblau. Einmal, am 12. September 
1936, habe ich einen Schwarm Rhizostoma von ungewohnlicher 
Farbung beobachtet; die Exemplare, welche diesen Schwarm 
bildeten, hatten eine fast weisse Farbe mit blaulichem Stich. 
Die Randlappen sind nach meinen Beobachtungen jedoch immer 
dunkelblau. 


Vergebens habe ich in allen Jahren auf Pelagia perla (Slabber) 
geachtet. SLABBER (1778, p. 109-110) hat diese Art einmal an der 
hollandischen Kiiste festgestellt. Ich habe sie jedoch nie ge- 
funden. 


Nebenbei habe ich auch auf Ctenophoren und Hydromedusen 
geachtet, von denen ich nur eine kurze Ubersicht iiber das Vor- 
kommen vom Mai 1933 bis zum Januar 1938 gebe. 
Ctenophoren 

Pleurobrachia pileus (O. F. Miller) erscheint in ungeheuren 
Mengen (Millionen pro km) in der zweiten Halfte des Mai bis 
Anfang Juni. Bis zum Oktober kann man dann noch Schwarme 
von bedeutender Anzahl beobachten. In den tibrigen Monaten 
habe ich Pleurobrachia pileus auch gefunden, aber unregelmassig 
und nie in solchen grossen Mengen: im Januar, Februar und 


April 1934, Oktober 1936 und November 1937. *) 


1) Sowie auch am 15. Februar 1942. 
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Hydromedusen 

Eutonina indicans (Romanes) habe ich ziemlich viel am 1., 2. 
und 3. Juni 1934 und in geringer Anzahl am 11. Juni 1934 ge- 
funden; 1935 erschienen einige wenige Exemplare am 25. Mai, 
28. Mai und 1. Juni; 1936 einige am 17. und 20. Mai. 

Eucheilota maculata (Hartlaub) kommt haufiger als die vorige 
Art vor; 1933: sehr viel am 25., 26. und 27. Juli; 1934: ziemlich 
viel am 2. August, sehr wenig am 28. August, zienlich viel am 6. 
und 7. September und sehr wenig am 29. September; 1936: zwei 
grosse Schwarme, und zwar vom 29.31. August und vom 
13.-17. September. 

Von Leuckartiara octona (Fleming) habe ich einen kleinen 
Schwarm am 27. und 28. September 1936 beobachtet. 

Aequorea forskalea Péron & Lesueur wurde im Herbst 1936 
beobachtet. Einige Bruchstiicke von Exemplaren dieser Art fand 
ich am 13. Oktober und 14. November, ziemlich viel am 3. 
Dezember dieses Jahres. 

Das Material der gefundenen Hydromedusen befindet sich im 
Rijksmuseum van Natuurlijke Historie” in Leiden. 


Ill. RESULTATE 
1. Periodizitat und Haufigkeit 


Was die Periodizitat im Vorkommen betrifft, sind die wichtig- 
sten Befunde der obigen Seiten in untenstehender Tabelle zu- 
sammengefasst: 


Jahre grosser Haufig- 


Art | Hauptzeit des Auftretens keit 
Cyanea Juni—Juli 1935 
Aurellia Ende Mai-Anfang Juli 1934 (und ’38) 
Chrysaora Ende August-Anfang Oktober | 1936 
Rhizostoma | September—Oktober | _ 1936-37 (und °38) 


Es fragt sich nun in wie weit diese Daten wirklich von Wert 
sind, in wie weit sie ein Bild der Periode grésster Haufigkeit auch 
im Meere geben. 

Die Annahme liegt auf der Hand, dass das Anschwimmen 
bei den Quallen, genau wie bei zahlreichen anderen Meeres- 
tieren, stark von Wind und Strom beeinflusst wird. Bei der 
Kiistenbevélkerung ist die Meinung verbreitet, dass Quallen 
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besonders bei Landwind zu finden seien. Dies wiirde darauf hin- 
weisen, dass sie mit dem Tiefenwasser ans Land gespiilt werden, 
denn bei Landwind wird das Oberflachenwasser vom Lande 
weggeweht und es entsteht ein nach dem Lande gerichteter Kom- 
pensationsstrom in der Tiefe. Ein Vergleich meiner Diagramme 
mit den Windangaben zeigt nun, dass hohe Maxima von Cyanea 
capillaia bei SW, W, NW und N Winden, also bei Wind aus dem 
Meere vorkommen. Das bedeutet, dass die grossen Mengen dieser 
Quallen alle aus oberflachlichen Wasserschichten und nicht aus 
dem tieferen Wasser stammen. Das stimmt mit meiner Erfahrung 
uiberein, dass Cyanea capillata (sowohl capillata selber wie die 
Varietat lamarckit) oft erscheint nach einigen Tagen mit schonem 
Wetter bei éstlichem Wind, nicht plétzlich in grossen Mengen, 
aber allmahlich. Bei drehendem Wind wird diese Art dann 
plotzlich in grossen Mengen auf den Strand geworfen. Nach 
dieser grossen Zufuhr folgt fast immer ein schneller Fall der Zahl: 
das Meer wird gleichsam reingefegt. 

Bei Aurellia aurita liegen die Dinge anders. Hohe Maxima kom- 
men vor bei W, NW, N und NO Winden, ein einziges Mal auch 
bei SW und O Winden. Aber am meisten kann man Aurellia bei 
nordlichen Winden erwarten. Im Gegensatz zu dem, was wir 
fiir Cyanea finden, braucht nicht erst eine Periode von sch6nem 
Wetter mit d6stlichem Wind der Haufigkeit voranzugehen. Wenn 
im Mai der Wind no6rdlich ist, kann man im allgemeinen das 
Erscheinen von Aurellia erwarten ohne dass erst, wie bei Cyanea, 
ein Ostlicher Wind das Erscheinen der Quallen hervorgerufen 
hat. Man kénnte hieraus schliessen, dass Aurellia im allgemeinen 
bei nordlichem Wind an der Oberflache erscheint, um darauf 
mit dem Oberflachenstrom ans Land getrieben zu werden. Ich 
habe aber mehrere Male in solchen Perioden Mitteilungen von 
Kiistenfischern erhalten, nach denen Aurellia auch zahlreich in 
Bodennahe anwesend war und zwar manchmal in solchen 
Mengen, dass das Fischen mit dem Schleppnetz fast unmdglich 
wurde. Es zeigt sich hieraus dass in einer Auwrellia-Periode diese 
Art in allen Schichten des Meeres zu finden ist. 

Was die beiden anderen Arten, Chrysaora hysoscella und Rhizo- 
stoma pulmo, betrifft, so ist die Sache etwas weniger deutlich. Das 
hohe Maximum von Chrysaora im Jahre 1936 fallt mit NW Wind 
zusammen, niedrige Maxima kommen aber auch bei SO Wind 
vor. Ich bekam den Eindruck, dass die Umstande, unter denen 
Chrysaora auftritt, ungefahr die gleichen sind wie die fiir Cyanea. 
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Bei Rhizostoma war es mir wahrend der Beobachtungen ganz 
unméglich einen Zusammenhang zwischen Anschwimmen und 
Windrichtung zu finden. Bei allen Windrichtungen fand ich sie in 
bedeutenden Mengen. Dies wurde mir besonders deutlich im 
Herbst 1938, als Rhizostoma wahrend fast zwei Monaten — Sep- 
tember und Oktober — bei den verschiedensten Witterungen in 
grosser Zahl am Strande zu finden war. 

Wenn wir uns jetzt fragen in wie fern die Periodizitat im An- 
schwimmen der Quallen einer wirklichen Periodizitat in ihrem 
Auftreten im Meer entspricht, so ergibt sich, dass die Unterschiede 
zwischen den vier Arten nie dem Einfluss des Windes zuge- 
schrieben werden kénnen, denn alle Arten k6nnen von Winden 
aus der See ans Land getrieben werden. Da meine Methode aber 
nur ein indirektes Bild von den im Meer anwesenden Mengen 
gibt, so ist es selbstverstandlich, dass die Zeiten des Auftretens im 
Meer sich nicht genau mit denen des Anschwimmens decken, so 
z.B. wird man die ersten und letzten Individuen am Strande 
selten zu Gesicht bekommen, und innerhalb der Periode des 
Vorkommens einer Art im Meer kann es sehr wahrscheinlich 
Tage geben, an denen kein einziges Stiick angeschwemmt wird. 
Wahrend an der Periodizitat nicht zu zweifeln ist, ist sie also 
Jahr fiir Jahr nicht genau zu begrenzen. 

Wie wir oben sahen, war Cyanea zahlreich im Jahre 1935, 
Aurellia 1934 (und 1938), Chrysaora 1936, Rhizostoma in den Jahren 
°36—37 (und ’38). Es ware denkbar, dass dies dem Vorherrschen 
giinstiger Winde in der Zeit des Auftretens der verschiedenen 
Arten in bestimmten Jahren zuzuschreiben ist. Aus den Wind- 
angaben geht aber hervor, dass wir diese Méglichkeit — jedenfalls 
der Hauptsache nach — ausschliessen kénnen. Die Abb. 7 gibt 
in vereinfachter Form die Windverhiltnisse fiir die verschiedenen 
Monate, in denen Quallen auftreten fiir jedes der fiinf Jahre an. 
Ein Vergleich dieser Abbildung mit den Diagrammen und der 
Diagramme mit einander zeigt, dass Abwesenheit von Seewinden 
nur selten der Grund fiir das Fehlen von Medusen gewesen sein 
kann und umgekehrt kann auch ein Vorherrschen der Winde 
aus See nicht der Grund fiir eine grosse Haufigkeit der Medusen 
gewesen sein. In einem Fall, wie der vom Juni 1935, ist Zusam- 
menhang zwischen dem Fehlen der Aurellia und dem Vorherr- 
schen stidwestlicher Winde denkbar, in vielen anderen sichernicht. 

Es geht hieraus hervor, dass die verschiedene Haufigkeit 
der Medusen, wie sie in den auf einander folgenden Jahren 
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von mir am Strande beobachtet wurde, einer wirklichen 
Variation entspricht, die auch im Meer besteht. Das braucht 
uns iibrigens nicht wunder zu nehmen, denn solche jahrlichen 
Schwankungen sind bei Meerestieren sehr allgemein und auch 
fiir Hydromedusen auffallend, vergl. KRamp, 1927, p. 2224203) 
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Abb. 7. Windangaben fiir jeden der Monate Mai bis Oktober in den Jahren 
1933 bis °37. Jeder Quadrant links oben umfasst die Winde von WNW bis 
und einschliesslich N, jeder Quadrant rechts oben die Winde von NNO bis 
O, u.s.w. Die Zahlen geben die Zahl der Tage an, wahrend denen der Wind 
aus dieser Ecke wehte; ihre Summe ist fur jeden Quadrant also stets 30-31. 


Die Zahl der Tage mit Windstille oder mit schwachem, veranderlichem 
Winde wird durch Ziffern ausserhalb der Kreise angegeben. 
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und RussELL, 1938, table I. Ausserdem wies RussELx (1931) schon 
fiir Cyanea lamarckii darauf hin, dass sie deutlich zahlreicher war 
in den Jahren 1926 und ’29, als ’25, ’27 und ’30; STIAsNY wies, 
wie gesagt, auf die Haufigkeit von Chrysaora an der hollandischen 
Kiiste im Jahre 1926 hin. 

2. Gréssenunterschiede 

Bei den verschiedenen Arten wurde darauf hingewiesen, dass 
grosse Exemplare einer Art relativ am meisten zu Anfang der 
Periode grésserer Haufigkeit zu finden und dass sie dann auch am 
grossten sind. So fand ich die gréssten Cyanea capillata var. 
lamarckii Mitte Mai bis Ende Juni (die allergrésste Mitte Mai), 
die gréssten Aurellia Ende Mai, die gréssten Chrysaora im Juli, die 
grossten Rhizostoma im August; in dieser Zeit sind grosse Tiere 
ausserdem relativ am zahlreichsten. Nur von der typischen 
capillata findet man die gréssten Tiere (Tabelle 1) nicht sofort 
zu Anfang der Periode grésster Haufigkeit, aber relativ etwas 
spater als bei den andern Arten. 

Es ist weiter auffallend, dass die Quallen, die sozusagen einen 
Schwarm bilden, das heisst die zusammen angeschwemmt 
werden, oft von ziemlich konstanter Grésse sind. Ein Schwarm 
Rhizostoma z.B. enthalt Tiere, die zum gréssten Teil entweder 
gross (iiber 20 cm), oder von mittlerer Grésse (10-15 cm), oder 
klein sind. Mehr oder weniger kann man diese Erscheinung bei 
allen Arten beobachten. Es wurde oben schon auf die enorme 
Grosse der Chrysaoren vom 15. Juli 1937 hingewiesen. Man 
gewinnt daraus den Eindruck, dass die angeschwemmten Tiere 
ungefahr gleichen Alters sind oder von demselben Geburtsort 
stammen. 

3. Farbenunterschiede 

Nicht nur die Grésse, auch die Farbe mag bei den verschiede- 
nen Schwarmen einigermassen wechseln, so dass an einem Tag 
ein ziemlich konstanter Farbtypus auftritt. Ein Schwarm Rhizo- 
stoma z.B. kann entweder braunliche, oder blassblaue, oder 
dunkelblaue Exemplare enthalten. Und auch dies gilt mehr oder 
weniger fiir die anderen Arten; oben wurden schon die Aurellien 
vom 23. Juni 1936, deren Kanalsystem und Gonaden eine vio- 
lette Farbung aufwiesen, erwahnt. Die Erscheinung bildet wahr- 
scheinlich eine Stiitze fiir die Annahme, dass die angeschwemm- 
ten Tiere vom gleichen Geburtsort kommen kénnen. 
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TABELLE I 


C. capill. oder 


2 
C. c. var. lamarckii *) CO Bae tamancke 


Cyanea capillata *) 


Anzahl | Schirmbreite1) | Anzahl | Schirmbreite?) | Anzahl | Schirmbreite?) 
1933 
26-31 V 4/24, 3,4, 8 23°} 14-9; °12; 15 57 | 2-8, 9, 10, 12, 14 
I- 5 VI al I 121 | 23-20 103 | 3-20, 22 
6-10 VI 105 | 3, 4, 5-10, 15, 22 | 5-13, 15, 19 65 | 4, 5-16 
TO, "ld, TOP 205 
20, 23, 24 / 
{I 15 VI 59 |} 24-12, 13, 18, 76 | 5-14 73 | 24-13, 14, 15; 
19, 22, 25, 30 16, 17 
16-20 VI 42 | 3-15, 16, 19, 20 858 | 3-20 41 | 3-12, 15 
21-25 VI 5 | 3-5 166 | 13-10 6 | 24-8 
26-30 VI 7 | 6, 7-10 628 | 13-10 (meistens 18 | 23-6, 7 
13-6) 
1- 5 VII 14 | 3-15, 19, 19, 20, 100 | 13-7, 9, 10, 10, 2 | 4,12 
30 16 
6-10 VII 17 | wenige klein, 910 | 2, 3-17 (meis- 4I | 5-17 (Farben- 
10-15, 30 tens 8-17), 18, var. 5-10) 
19, 20, 20 
11-15 VII 9 | 2-10, 15 34 | 2-10 =e 
16-20 VII ~ 5 | 5-7 74 | 2-10 1/6 
21-25 VII 1} 15 4| 4-5 = 1 
26-31 VII 5 | ungef. 20 42 | 3-6 1} 14 
I= 5 VIII -|- 2 5 I | 10 
6-26 VIII keine Beobach- 
tungen 
27-91 VIII 7 | 10-14, 15, 27 -|- -|- 
I— 5 DX -|- tlie ee | 
6-10 IX 32 | 13-20 = (ee my 
11-15 IX 24 | ungef. 15 -|- 30 | ? 
16-20 IX —|- =| = 
21-25 IX in Sat 3/? 
1934 
PaLOLN = ee 6 | 5,5, 8, 10, 10, 13 IS | 2, 3, 4-9 
Bac’ -—|- 1/8 By) e 
gr V 1} 13 I | 10 —|-— 
1-5 VI 33 | 9-20, 25, 25, 27 15 | 4, 7-12, 13, 15, 9 | 5-8, 12 
20 
6-10 VI 1| 18 5 | 5-7 5 | 5, 7-10 
11-15 VI a} oe 2 | 8-10 - 
16-20 VI 5 | 12, 12, 18, 20, 20 650 | 2-10 (meistens -|- 
ungef. 5) 
21-25 VI -|- 27 | 3-10 415, 7.9.9 
26-30 VI -|- 3 | 4, 6, 10 -|- 


1) In cm. 
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1935 
17-18 
I-15 V 


16-20 
21-25 
26-31 

1— 5 VI 


6-10 VI 
11-15 VI 


16-20 VI 
21-25 VI 


26-30 VI 
1-5 VII 


6-10 VII 
11-15 VII 


16-20 VII 
21-25 VII 


26-31 VII 


1- 5 VIII 


Cyanea capillata *) 


Vinsahb 


C. ¢. var. lamarckii *) 


. capill. oder . 
. var. lamarckii 


Schirmbreite | Anzahl 


5, 10, 25, 35 1204 
3-8 1514 
55 8, 8, 8, 12, 15; 241 
22 

15 = 
5» 9 - 
= 14 
= 87 
4, 5, 7,9, 11, 12; 8 
13 

4-11, 12,117 4l 
r=5 47 
= 4 
einige ?, 8, 12,/ung. 434 
14, 15, 15, 19; 

19, 20, 20, 22, 

23, 24, 25, 25, 

26, 30, 31, 35 

20, 20, 22 

13; 15; 20-25, 5 
39, 33 

2-8 ung. 378 


5-40 (meistens jung. 1739 
20-30) 


9 70 
5-40 (meistens 1580 
20-30) 

3-9, 12, 18, 22, 1918 
23 

2-5 262 
4-10 467 
c 29 


Schirmbreite 


4-14, 18, 20 
2-15 (meistens 
5-10) 

2-10, wenige 
bis 12 

2-10 


5> 5> 8-10, 12, 
14, 18, 18, 28 
3-5, wenige bis 
10, 15, 18, 20 

7, 10-18 


4-16, 18, 18, 19, 
20, 20, 20 
I-5, 7> 7> 9» 11; 


5-10 
3-20 (meistens 
ungef. 10) 
3-15 (meistens 
5-10) 

2-12 (meistens 
2-5) 

3-14 (meistens 
3-12) 

2-10 


ung. 


ung. 


Schirmbreite 


4-10 


3-6 
3-5, wenige bis 
10 


4-8, 10 


4, 7-10, 11 


2-—f¥O 


13, 17 
5-10 
3, 5-10, 18 


5-10 
5-10, II, 12 


6-10 
ungef. 5 


5, 8, 10 
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Cyanea capillata *) 


Anzahl 


Schirmbreite 


| C. c. var. lamarckii *) 


. capill. oder 


. var. lamarckii 


Anzahl 


Schirmbreite 


Anzahl | 


Schirmbreite 


6-10 VIII 
11-15 VIII 


16-20 
21-25 


1936 
5 
15-20 
21-25 
26-31 
i 25 
6-10 
II-15 
16-20 
21-25 


26-30 
ages 


6-10 
II 


1937 
27 


1S 
6-10 
II-15 


16-20 
21-25 


27 

8 VII 
10-15 
16-20 
21-25 
26-31 
Lats 
6-10 
8 X 


ung. 250 


? (2 grosse) 


2| 15, 25 


I 
I 


*) In dieser Tabelle sind nur diej 


gefuhrt, die ich ( 


125 


ung. 110 | 


21 


ung. 258 | 


178 


ung. 150 
ung. 56] 
ung. 51 

a 


264 


ad 
3-10 (meistens 


5, 8 

2-20 (meistens 
5-10) 

3-8 

5-10, 12, 12, 13, 
14, 15, 15, 20 


5 


3-10, wenige bis 
20 


ungef. 10 


| 5, wenige ung. 


10, 15-20, 25 
meistens klein 
5-10, wenige bis 


| ungef. 15 
5 | 
| | 


5-10 

6 

meistens 7—10 
5-10 

klein 


| 


ung. 


ung. 550 


enigen Tiere als capillata oder capillata var. lamarckii aul 
hauptsachlich der Farbe nach) mit Sicherheit identifizieren konnte ;alle unsichere: 


Exemplare finden sich in der dritten Spalte. In den Diagrammen aber sind diese unsichere 
Exemplare zur einen oder anderen Art gebracht. Diagramme und Tabelle decken sich deshal 
nicht vollkommen, die Tabelle ist in dieser Hinsicht zuverlassiger als die Diagramme. 
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I. EINLEITUNG 


In den Jahren 1933-37 sammelte VAN DER MAADEN, wie aus 
seinem Beitrag in dieser Lieferung der Archives hervorgeht, eine 
vollstandige Reihe von Beobachtungen iiber die Periodizitat im 
Erscheinen der Medusen in der Nahe von Katwijk aan Zee an der 
hollandischen Westkiiste. Wahrend der Ausarbeitung des Mate- 
rials wandte er sich mit diesen Beobachtungen an die Zoologische 
Station, Den Helder, und dabei stellte es sich heraus, dass Kat- 
wyk und Den Helder offenbar Unterschiede in der Periodizitat 
im Auftreten der Medusen aufwiesen. Das war fiir mich eine 
Anregung auch die Beobachtungen fiir Den Helder auszuarbei- 
ten. Diese waren zwar sehr unvollstandig; einige Gedanken- 
gange, die grossenteils auf VAN DER Maapens Beobachtungs- 
material fussen, machten die Sache aber interessant und so wird 
das Wenige dennoch publiziert. Hauptzweck fiir mich war, den 
Einfluss 4usserer Umstande auf die Periodizitat und auch auf die 
Bewegungen der Medusen kennenzulernen. Ich habe vor allem 
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danach gestrebt auf Liicken in unseren Kenntnissen hinzuweisen; 
- der Beitrag regt dadurch hoffentlich zu weiteren Untersuchun- 
gen an. Den Herren Prof. Dr. H. Boscuma, Dr. C. O. van 
REGTEREN ALTENA und Dr. N. TinBERGEN schulde ich vielen 
Dank fir ihre kritischen Bemerkungen, die sie beim Durchlesen 
des Manuskripts machten. 

Die Beobachtungen in Den Helder wurden nur ganz nebenbei 
wahrend anderer Arbeiten gemacht und zwar in den Jahren ’33 
bis °39. Was Vollstandigkeit anbelangt sind sie deshalb gar nicht 
mit denen VAN DER MAapeENns vergleichbar. Die Mehrzahl be- 
zieht sich auf viertelstiindige Trawlfange, die zur Aufnahme 
der Bodenfauna, und zwar der Hauptsache nach mit Schlepp- 
netzen, gemacht wurden. 


Die Netze unterschieden sich von gew6hnlichen Trawlnetzen darin, dass 
die Maschenweite von vorn nach hinten ganz regelm4ssig von 7.— bis 1.5 cm 
(Lange der gestreckten Maschen) abnahm. Ihre Breite vorn-oben war nicht 
genau die gleiche und betrug bei den drei benutzten Netzen resp. 14.3, 15 
und 16.7 Meter. Auch die Langen und die Ubergange der Maschenweiten 
zeigten Unterschiede, was den Fang aber wenig beeinflusst haben diirfte. 


Es versteht sich, dass diese Netze, die unmittelbar iiber (teil- 
weise in) dem Boden fischen, zur Feststellung der im Wasser 
anwesenden Quallenmengen ganz ungeeignet sind. Dass die 
Fange uns dennoch einigermassen ein Bild der Medusenverbrei- 
tung nach den Jahreszeiten geben kénnen, beweist dass die 
Medusen sich ziemlich viel in der Nahe des Bodens (oder am 
Boden) vorfinden. Gefischt wurde mit einem kleinen, 13 m 
langen Motorkutter, dem Max Weber, und zwar, ausser bei 
Stillwasser, stets mit dem Strom. Beim Fischen bewegte sich das 
Schiff 1-1.5 km per Viertelstunde schneller als das Wasser, in 
einer Viertelstunde wurde meistens eine Strecke von 1—21/, km 
zuriickgelegt 1). Wahrend die abgefischte Bodenstrecke also das 
eine Mal viel langer als das andere war, waren die jedesmal ab- 


1) Man hat es in der Hand eine Kurre leichter oder schwerer iiber den 
Boden gehen zu lassen. Im allgemeinen wurde 3-5 Mal mehr Draht gefiert 
als die Tiefe betrug, in der gefischt wurde. Fiert man wenig und fahrt das 
Schiff schnell, so geht das Netz leicht tiber den Boden, mit langen Leinen 
und bei langsamer Fahrt sinkt das Netz tiefer, wobei es schwer iiber den 
Boden schleppt. Dabei wird im ersten Fall natiirlich eine gréssere Strecke 
zuriickgelegt als im zweiten. Schon die Lange der Leinen an sich beeinflusst, 
bei konstanter Tourenzahl des Motors, die Geschwindigkeit des Schiffes. 
Auch der Wind iibt natiirlich seinen Einfluss auf die Schnelligkeit der 
Fahrt aus. 
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gefischten Wassermengen etwas besser vergleichbar, da das 
Schiff ungefahr eine bestimmte Geschwindigkeit im Vergleich 
zum Wasser behielt. Die abgefischte Wasserstrecke betrug da- 
durch die vom Schiff in einer Viertelstunde minus die vom 
Wasser in Bodennahe in der gleichen Zeit zuriickgelegte Strecke, 
was einen Abstand von etwa 1-13/, km ergibt. 

Tabelle 1, zusammen mit der Karte in Figur 1, enthalt eine 
Ubersicht aller Fange; ihre Anzahl ist klein, da in diesen Jahren 
vor allem mit dem Bodengreifer gearbeitet wurde. Die Aufnahme 
der Tabelle und der Karte hatte in diesem Beitrag unterbleiben 
k6énnen, findet aber statt, weil die Angaben auch fiir spatere 
Beitrage Wert haben. 


Jeder Fang tragt, hinter dem Datum, eine Nummer. Die Liste der Be- 
obachtungen (sieh unten) sowie die Karte enthalten die gleichen Nummern 
und man kann deshalb die in der Liste genannten Fange mit Hilfe der 
Tabelle in der Karte finden. Die Rémische Zahl hinter der Nummer gibt 
die im Journal der Station eingetragene Fangnummer an. Weiter -enthalt 
die Tabelle die Tiefenangaben fiir jeden Fang, ihre genaue Zeit und Dauer 
und die ungefahre Zeit des Hochwassers im Gebiet wo an dem Tage 
gefischt wurde. Daraus kann man ersehen ob zur Zeit der Beobachtungen 
Ebbe, Flut oder Stillwasser war und wie stark die Ebbe oder Flut ungefahr 
war. Die Dauer des Fanges betrug bisweilen nicht 15 Minuten, sondern 
mehr oder weniger. Kurzere Dauer kam selten vor, langere ziemlich oft, 
namlich jedesmal, wenn der kleine Benzinmotor, der zum Einholen des 
Netzes benutzt wurde, nicht richtig funktionierte, was oft genug der Fall 
war. Einige Male (8. Mai ’34, 5. Juni ’35) wurden aber absichtlich ]angere 
Fange gemacht. 

Ein Sternchen neben der Nummer bedeutet, dass mit einem Netz, das 
nicht mit den drei regelmassig benutzten Netzen vergleichbar war, gefischt 
wurde. Meistens war dies ein von vorn bis hinten engmaschiges Netz von 

“11.5 m Breite und Maschen von 3.5-1.5 cm (gestreckte Maschen). Ein 
solches Netz fangt im allgemeinen (auch wenn man von der Grdésse absieht) 
weniger als ein weitmaschiges, da es weniger Wasser durchlasst uad mehr 
Wasser zuriickwirft. Ich weiss nicht in wie weit auch die Quallenfange von 
diesen kleinen Maschen beeinflusst wurden +). 

Steht eine Nummer zwischen Klammern, so bedeutet das, dass der Fang 
misslang uad die Zahlen deshalb nicht vergleichbar oder nicht brauchbar 
sind. Meistens war die Ursache, dass das Netz festlief und stellenweise-zerriss; 
man beachte, dass einige der befischten Strecken eigentlich zum Fischen 
untauglich waren und von den Berufsfischern denn auch gemieden wurden. 


1) In den Fallen, in denen das Fischen mit einem solchen Netz stattfand, 
geschah das einige Male, weil die anderen Netze zerrissen waren (sich unten), 
in den meisten Fallen aber in der Hoffnung bestimmte kleinere Tiere nicht 
zu verfehlen. Fiir den Fang kleiner Tiere kommt man namlich nicht ohne 
ein solches Netz aus und die Nachteile miissen dann gegeniiber dem Vorteil 
in anderer Hinsicht mit in den Kauf genommen werden. 
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Ausser beim Fischen met dem Max Weber kamen Medusen 
auch bei anderer Arbeit zur Beobachtung. Im Hafen und in 
dessen Nahe (besonders der ,,Zuidwal’’ genannten Wattflache 
entlang) wurde (am meisten in den ersten Jahren) mit einem 
kleinen Motorboot (hollandisch motorvlet) mit einem kleinen 
engmaschigen Netz gefischt. Das Netz fing, vermutlich wegen 
seiner Kleinheit, sehr wenig Quallen; die betreffenden Fange 
sind denn auch gar nicht mit denen des grossen Netzes vergleich- 
bar und nicht in die Tabelle eingetragen worden. Es kamen die 
Tiere weiter im Oberflachenwasser zur Beobachtung. Besonders 
im Hafen wurden sie ohne weiteres an der Oberflache gesehen 
oder vom Straminnetz gefangen, wenn es zum Planktonfang im 
Strom aushing. Auch auf dem Watt oder Nordseestrand siidlich 
von Den Helder angeschwemmte Tiere wurden notiert. 


II. BEOBACHTUNGEN 


Die Beobachtungen beziehen sich auf 5 Arten: Cyanea lamarcku 
Pér. & Les., Cyanea capillata (L.), Aurellia aurita (L.), Chrysaora 
hysosceila (L.) und Rhizostoma pulmo (Macri) +). Von diesen wurden 
Cyanea lamarckii und capillata wahrend der Beobachtungen nicht 
von einander unterschieden, da ich sie, Strasnys Ansichten 
(1930) zufolge, fiir identisch hielt. Erst wahrend der Ausarbei- 
tung des Materials wurde es mir deutlich, dass wir zu dieser 
Annahme keinen Grund haben. 


Cyanea lamarckii ist blau oder blaulich. Diese blauen Medusen bleiben 
kleiner als die braunen bis braunlichen, nach VAN DER MAADEN (1942a) 
erreichen sie an der hollandischen Kiiste meistens nicht mehr als 15 und 
héchstens 25 (einmal 28) cm). Es gibt Zwischenstadien zwischen blauen 


1) Die Nomenklatur fusst auf den von Mayer in Medusae of the World, 
Vol. 3, 1910, gegebenen Synonymenlisten. MayEr behandelt Rhizostoma 
octopus (Gmel.) als Varietat der Rhiz-stoma pulmo (Macri.) Ich bin ihm hierin 
gefolgt. Es ware aber der Mihe wert die Quallen der geographischen Varie- 
taten dieser und einiger anderer Arten ecinmal unter gleichen Umwelt- 
bedingungen aufzuzichen, um festzustellen in wie weit die Unterschiede 
genotypisch festgelegt oder bloss phaenotypisch sind. 

2) In Plymouth erreichen die gréssten Exemplare etwas mehr als 15 cm 
(RussELL, 1931 b). ,,Die Durchschnittsgrésse der Helgolander Exemplare 
diirfte 12 cm Durchmesser nicht iiberschreiten, tiber 15 cm grosse habe ich 
nie gesehen” (HarTLAuB, 1896, p. 201). Nach OsTERGREN erreicht sie 
(C. palmstruchii) an der schwedischen Kiste einen Durchmesser von gewohnlich 
6-12, sehr selten von 15 cm. MAYER (1910, p. 597) gibt 30 cm als gréssten 
Durchmesser an 
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und weissen Medusen, die, genau wie die blauen, nach VAN DER MAADEN 
selten iiber 15 cm Diameter erreichen und deshalb alle zu lamarckii zu 
rechnen sind. Die blauen Medusen werden schon bei 4 cm Durchmesser 
geschlechtsreif (OsTERGREN, 1909). Nach Alteren Angaben [vg]. auch VAN- 
HOFFEN, 1909 und 714 (STIASNY, 1930), OsTERGREN, 1909, KRamp, 1937] 
haben die blauen Medusen weniger und kiirzere Tentakel und kiirzere 
Mundarme als die braunen, wenn gleich grosse Exemplare verglichen werden. 
Fur eventuell weitere morphologische Unterschiede sieh STIASNy (1930). 
Sogar die Ephyren sollen etwas verschieden sein (HAGMEIER, 1930, KRAMP, 
1937). Schliesslich reicht die Verbreitung dieser blauen Tiere von der 
englischen Siidkiiste und dem Kanal bis in die danischen Gewéasser, vgl. 
Kramp (1937). Nach Damas (1909) und Kramp (1937) kommen die Tiere 
an der norwegischen Westkiiste bis ungefahr Bergen vor. Ihre grésste Haufig- 
keit erreichen sie in dem siidlichen Teile der Nordsee (hollandische Kiiste, 
Helgoland); an der hollandischen Kiiste (VAN DER MAADEN, 1942a und b) 
sind die blauen Tiere viel zahlreicher als die braunen, in der Helgolander 
Bucht sind sie die zahlreichsten Medusen tiberhaupt, in den danischen 
Gewadssern dagegen sind die braunen viel allgemeiner als die blauen. 

Cyanea capillata ist braun oder gelb bis weiss. Cyaneas von dieser Farbe 
erreichen an der hollandischen Kiiste nach VAN DER MAADEN bis uber 40 cm 
Grdsse. Sie sind offenbar erst bei einem grésseren Durchmesser (bei welchem?) 
geschlechtsreif. Es gibt Zwischenstadien zwischen braunen und weissen, wie 
es solche zwischen blauen und weissen gibt. Ausserdem gibt es eine kleine 
Anzahl braune Tiere mit ein wenig Blau und es sind diese, die das Erkennen 
beider Arten schwierig machen. Die braunen Medusen haben, auch wenn 
gleich grosse Exemplare verglichen werden, nach einigen Autoren (vgl. oben) 
starker entwickelte Tentakel und Mundarme als die blauen. Die Verbreitung 
der braunen Tiere reicht von unserer Kiiste (wieviel siidlicher?: Plymouth 
Marine Fauna gibt die Art nach Beobachtungen von BRowneE sogar noch 
fiir Plymouth an) bis tief in die Ostsee hinein, bis in den finnischen Meer- 
busen. Sie sind sehr zahlreich in den danischen Gewassern, viel weniger 
zahlreich im siidlichen Teile der Nordsee. 

Stiasny (1930) hielt die blauen Medusen fiir das Jugendstadium der 
braunen. Meiner Meinung nach war nur eins der vier von ihm genannten 
Argumente stichhaltig, namlich dass man nie kleine junge braune oder gelbe 
Cyaneas, sondern nur kleine blaue sieht. Aus VAN DER MAApENs Angaben 
(1942a und b) geht aber hervor, dass dem nicht so ist, dass im Gegenteil 
braune oder gelbe Cyaneas von 10 mm an an der hollandischen Kiiste in ziem- 
licher Anzahl zu finden sind. VAN DER MAapEN kommt deshalb zu dem 
Schluss, dass wir, statt mit Altersstadien, mit Gréssen- und Farpenvarietaten 
einer und derselben Art zu tun haben. Da nun aber die beiden Farben- 
extreme nicht nur von verschiedener Grésse sind, sondern auch verschieden 
frith reif werden und verschiedene Verbreitung haben, wahrend diese Unter- 
schiede auch nach VAN DER MAADEN sogar mit morphologischen Unter- 
schieden einher gehen, ware es unrichtig die Tiere als zu einer einzigen 
Art gehérig zu betrachten. Ich schliesse mich deshalb KRAMP (1937) an, 
der die Tiere als zwei verschiedene Arten betrachtet. Dieser halt weiter 
C. palmstruchit (Swartz) aus dem Skagerrak und Kattegat (vgl. OsTERGREN, 
1909) fiir mit C. lamarckii identisch. 

Hinzugefiigt sei noch, dass LamBerts (1936) und Fraulein PapENFuss’ 


ory 


we 
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Annahme (1936), C. lamarckiit (palmstruchii) und C. capillata seien an den 
Nematocysten zu unterscheiden, mindestens verfriiht ist, denn aus den 
Beobachtungen von WEILL (1934) und Fraulein Papenruss geht zwar hervor, 
dass C. lamarckii und C. capillata aus der Themsemiindung und auch C. palm- 
struchit und C. capillata von Kristineberg (Schweden) in dieser Hinsicht 
Unterschiede aufweisen, es geht aber zugleich aus ihnen hervor, dass C. capillata 
von der Themsemiindung und Kristineberg atriche Nematocysten von so 
verschiedener Grésse besitzen, dass man ebensogut diese beiden fiir ver- 
schiedene Arten halten kann. Offenbar ist die Variabilitat in den Nemato- 
cysten der Lokalformen unter sich viel grésser als angenommen wurde; es 
ware wichtig dies zu untersuchen. 

Es sei schliesslich die Angabe OsTERGRENs genannt, dass C. palmstruchii 
(= lamarckii) auf der menschlichen Haut beim Brennen keine Schmerz 
verursacht, wahrend das Gegenteil fiir C. capillata gilt. Auch dies ist nie 
genauer untersucht worden 2). 


Untenstehende Liste enthalt die Beobachtungen. Es sei noch- 
mals darauf hingewiesen, dass sie zusammen mit der Tabelle 1 
und der Karte (Fig. 1) benutzt werden muss. Weiter sei hinzu- 
gefiigt, dass Fange, die keine Quallen lieferten, nicht in dieser 
Liste genannt werden. Soweit sie auf Viertelstundfange des 
Max Weber Beziehung haben, sind sie in der Tabelle 1 zu finden. 
Motorbootfange, die keine Quallen lieferten, werden nirgends 
genannt, da ein negatives Resultat wegen der Kleinheit ihres 
Netzes wenig tiber das Nichtvorkommen von Quallen sagt. Man 
bekommt einen (zwar unvollstandigen) Eindruck von der An- 
zahl der negativen Fange (deren Wert im allgemeinen fiir die 
Beurteilung der Periodizitat nicht gering ist) durch einen Ver- 
gleich der fiir die verschiedenen Arten genannten Daten: die 
Liste fiir Cyanea enthalt 16 Daten vor dem 15. Juni 1934, dem 
friihesten Datum ftir Chrysaora. 


1) Von Interesse ist die Angabe OsTERGRENS (1909), dass C. palmstruchii 
(= lamarckii), wenn sie als Meduse im Winter entsteht, farblos ist und dass 
die Tiere desto blauer sind, je spater ‘m Frihling sie entstehen. ,,Mitte Juni 
waren viele der gréssten Exemplare ungefarbt, darunter das grésste, das ich 
iiberhaupt gesehen habe. Diese sind zweifellos im Winter entstanden und 
haben ihre Farblosigkeit bis zu ihrem Tode bewahrt. Diejenigen, die sich 
im Fruhling oder im Vorsommer entwickeln, scheinen gefarbt zu werden, 
und zwar umso starker, je weiterhin im Jahre sie entstehen. Diejenigen, die 
bis zur Mitte des Sommers leben bleiben, sind, auch bei einer Schirmbreite 
von nur 4-5 cm, stark gefarbt.”’ 

Es scheint mir ausgeschlossen, dass OsTERGREN junge C. capillata fir farblose 


C. palmstruchii hielt, denn er beschreibt auch C. capillata und diese Art tritt 


nach ihm spater als C. palmstruchii auf, meistens nicht vor Mai (C. palmstruchit 
ab Januar). 
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LISTE DER BEOBACHTUNGEN 


Cyanea lamarckii und capillata 


27. II. 34. Zuidwal, 5.5-10 m, kleine 
Kurre: eine Qualle von 6.5 cm, 
gewiss Cyanea. 

27. II. 34. Nieuwe Diep, kleine 
Kurre: eine Qualle, gewiss Cyanea. 

10. III. 37. Zuidwal: 1 Cyanea von 
6.5 cm angespiuhlt. 

17. III. 35. Strand Huisduinen: 5 
Stiick von 7, 7.5, 7-5, 9 und 14 cm 
angespuhlt. 

27. III. 37. Marsdiep, Nordseite ‘von 
Heringnetzen gefangen): ungefahr 
10 Stick von 6-8 cm. 

2. V. 33. Zuiderhaaks, 8-11 m: I 
Stiick von + 20 cm. 

6. V. 35. Nieuwe Diep: im Ober- 
flachenplankton eine Anzahl Junge 
von einigen cm Durchmesser. 

7. V. 33. Strand Huisduinen: einige 
angespuhlt. 

8. V. 34. Haaksgronden und Mars- 
diep: Nr. 36-42 der Tabelle I. 
21. V. 33. Strand Huisduinen: eine 
Anzahl kleinere und reife Ex. 

angespuhlt. 

25. V. 33. Nieuwe Diep und ausser- 
halb: ziemliche Zahl kleinere und 
reife im Oberflachenwasser. 

28. V. 33. Boomkensdiep, Terschel- 
ling: grosse Zahl in Stromkabbe- 
lung, an der Oberflache. 

28. V. 34. Texelstroom: Nr. 43-44* 
Tabelle I. 

30. V. 35. Schulpengat: Nr. 66 
Tabelle I. 

2. VI. 39. Schulpengat: Nr. 116 
Tabelle I. 

Hie) Valea ee 
Tabelle I. 

15. VI. 34. Nordsee querab Texel: 
45-50. 


Texelstroom: 67-68 


16. VI. 33. Ausserhalb Molengat, 
18-22.5 m: ungefahr 20 Quallen, 
grésstenteils Cyanea. Ausserhalb 
Noorderhaaks, 16-17 m: grosse 
Anzahl Quallen, vor allem Cyanea. 

17. VI. 38. Texelstroom: (89)—96. 

18. VI. 35. Malzwin und Marsdiep: 
69-72. 

18. VI. 36. Marsdiep, Haaksgronden: 
Vem 

23. VI. 38. Haaksgronden: 97—104. 

25. VI. 34. Nieuwe Diep, kleine 
Kurre: Fang I: 13, Fang II: + 42 
Stick. 

26. VI. 33. Zuidwal, kleine Kurre: 
Fang I (10-11 m): einige, Fang II 
(4-10 m): einige. 

27. VI. 39. Malzwin, Vlieter, Texel- 
stroom-Nord: 117*—122*. 

10. VII. 36. Nieuwe Diep, kleine 
Kurre: 18 Stiick. 

21. VII. 33. Haaksgronden: 1-4. 

28. VII. 33. Texelstroom: 5-8. 

31. VII. 39. Schuitengat, Terschel- 
ling: 123-125. 

1. VIII. 39. Schuitengat, Terschel- 
ling: 126*-127*, 

13. VIII. 33. Zuidwal, kleine Kurre, 
5-9 m: einige. 

24. VIII. 33. Texelstroom: 9-14. 

gt. VIII. 37. Inschot (Wattenmeer): 
86 


18. LX. 32. Zuidwal, kleine Kurre: 
einige. 

26. IX. 34. Texelstroom: 54-56. 

7. X. 32. Zuidwal, kleine Kurre: 
1 Stiick. 

g. X. 32. Strand Callantsoog: 1 Ex. 
angespuhlt. 


Aurellia aurita 


17. IV. 34. Haaksgronden: 30-35. 

28. IV. 36. Nieuwe Diep: einige im 
Oberflachenwasser. 

29. IV. 36. Nieuwe Diep: kurz nach 


Hochwasser sehr zahlreich im 
Oberflachenwasser, Grésse von 
100 gesammelten Ex. 20 A 25 bis 
unter 6 cm. 
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5. V. 35. Nieuwe Diep: eine Anzahl 
ziemlich grosse an der Oberflache. 

6. V.35. Nieuwe Diep: wie am 5. V. 
35, Grésse 10-20 cm. 

7. V. 33. Huisduinen-Falga: einige, 
mit reifen Gonaden, angespiihlt 
gefunden. 

8. V. 34. Haaksgronden und Mars- 
diep: 36-42. 

21. V. 33. Huisduinen: eine Anzahl 
reife angespuhlt. 

25. V. 33. Nieuwe Diep und ausser- 
halb: ziemliche Zahl reife im 
Oberflachenwasser. 

28. V. 33. Boomkensdiep, Terschel- 

ling: grosse Zahl in Stromkabbelung, 
an der Oberflache. 

go. V. 35. Schulpengat: Nr. 66. 

2. VI. 39. Schulpengat: Nr. 116. 

5. VI. 35. Texelstroom: 67-68. 

15. VI. 34. Nordsee querab Texel: 
45-50. 

16. VI. 33. Ausserhalb Molengat, 
18-22.5 m, und ausserhalb Noor- 
derhaaks, 16-17 m: einige. 


17. VI. 37. Texelstroom, Scheurrak: 
78-83. 

17. VI. 38. Texelstroom: (89)—96. 

18. VI. 35. Malzwin und Marsdiep: 
69-72. 

18. VI. 36. Marsdiep, Haaksgron- 
den: 73-77. 

23. VI. 38. Haaksgronden: 97-104. 

25. VI. 34. Nieuwe Diep, kleine 
Kurre: Fang I + 509, Fang II 
+ 640 Stiick. 

26. VI. 33. Zuidwal, kleine Kurre: 
Fang I (10-11 m): einige, Fang II 
(4-10 m): einige. 

27. VI. 39. Malzwin, Vlieter, Texel- 
stroom-Nord: 117*-122*, . 

10. VII. 36. Nieuwe Diep, kleine 
Kurre: 3 Stiick. 

21. VII. 33. Haaksgronden: Nr. 1~4. 

28. VII. 33. Texelstroom: 5-8. 

gi. VII. 3a. Schuitengat (Terschel- 
ling): 123-125. 

1. VIII. 39. Schuitengat (Terschel- 
ling): 126*—-127*, 

24. VIIT. 33. Texelstroom: 9-14. 


Chrysaora hysoscella 


15. VI. 34. Nordsee querab Texel: 
Nr. 45-50. 

17. VI. 37. Texelstroom, Scheurrak: 
78-83. 

17. VI. 38. Texelstroom: (89)—96. 

23. VI. 38. Haaksgronden: 97-104. 

27. VI. 39. Malzwin, Vlieter, Texel- 
stroom-Nord: 117*-122*. 

2. und 3. VII. 32. Nieuwe Diep: 
einige im Oberflachenwasser ge- 
sehen. 

5. VII. 32. Nieuwe Diep: in grésserer 
Zahl im Oberflachenwasser. Sehr 
warmes Wetter. 

7. VII. 32. Nieuwe Diep: zahlreich 
im Oberflachenwasser. 

10. VII. 36. Nieuwe Diep, kleine 
Kurre: 3 Stick. 

21. VII. 33. Haaksgronden: Nr. 1-4. 

28. VII. 33. Texelstroom: 5-8. 

31. VII. 32 und nachstfolgende Tage: 
Nieuwe Diep: jedesmal eine kleine 


Anzahl vielen Rhizostoma gegen- 
uber. 

31. VII. 39. Schuitengat (Terschel- 
ling 123 -1o5: 

1. VIII. 39. Schuitengat (Terschel- 
ling): 126*—127*. 

4. VIII. 32. Nieuwe Diep: kleine 
Zahl im Oberflachenwasser. 

15. VIII. 33. Nieuwe Diep: ziemlich 
viele im Oberflachenwasser. 

24. VIII. 33. Texelstroom: 9-14. 

go. VIII. 33. Ausserhalb Noorder- 
haaks: Nr. 15. 

4. und 5. IX. 35. Nieuwe Diep: sehr 
viele kleine im Oberflachenwasser. 

13. IX. 32. Zuidwal, kleine Kurre, 
2-8: m? 1 Ex. 

18. IX. 32. Zuidwal, kleine Kurre: 
einige. 

26. IX. 34. Texelstroom: 54-56 
(alles kleine Tiere). 

27. IX. 33. Haaksgronden: 16~19. 


24 
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2. X. 32. Strand Callantsoog: einige 
kleine angespuhlt. 

4. X. 32. Zuidwal, kleine Kurre: 
1 kleines Ex. 

g. X. 32. Strand Callantsoog: einige 
kleine angespuhlt. 


J. VERWEY 


16. X. 32. Strand Callantsoog: 4-6 
ziemlich kleine angespublt. 

24. XI. 33. Fundort?: 2 von + 15 und 
=- 5h Cine 


Rhizostoma pulmo 


17. VI. 37. Texelstroom, Scheurrak: 
Nr. 78-83. 

27. VI. 39. Malzwin, Vlieter, Texel- 
stroom-Nord: 117*-122*. 

2.-3. VII. 32. Nieuwediep: einige 
im Oberflachenwasser. 

10. VII. 36. Nieuwediep, kleine 
Kurre: 3 Stick. 

21. VII. 33. Haaksgronden: Nr. 1-4. 

28. VII. 33. Texelstroom: 5-8. 

31. VII. 32 und nachstfolgende Tage: 
Nieuwediep: viele im Oberflachen- 
wasser. 

31. VII. 39. Schuitengat, Terschel- 
ling: 123-125. 

1. VIII. 39. Schuitengat, Terschel- 
ling: 126*—127*. 

15. VIII. 33. Nordsee ausserhalb 
Texel: nachts wahrend Stillwasser 
sehr viele grosse Stiicke am Boden, 
diese verschwinden wenn das Was- 
ser wieder strémt. 

15. VIII. 33. Nieuwe Diep: sehr 
grosse Zahl (vor allem grosse, aber 
auch kleine) im Oberflachen- 
wasser. 

24. VIII. 33. Texelstroom: g-14. 

27. VIII, 38. Schuitengat (Terschel- 
ling): 105*—106*. 

29. VIII. 38. Schuitengat, Meep 


Fassen wir diese Ergebnisse 
folgendes. 


(Terschelling): 107*—112*. 

go. VIII. 38. Schuitengat (Terschel- 
ling): 113-115. 

31. VIII. 37. Blauwe Slenk, Inschot, 
Zuidoostrak (Wattenmeer): (85)— 
88. 

13. IX. 32. Zuidwal, kleine Kurre, 
2-8, vor allem 3 m: mehr als ein 
Dutzend. 

18. IX. 32. Zuidwal, kleine Kurre: 
einige. 

27. IX. 33. Haaksgronden: 16-19. 

28. IX. 34. Texelstroom: 57—65*. 

2. X. 32. Strand Callantsoog: ziem- 
liche Zahl angespuhlt. 

7. X. 32. Zuidwal, kleine Kurre: 
einige. 

g. X. 32. Strand Callantsoog: ziem- 
liche Zahl angespiihlt, + 40 auf 
einige km. 

16. X. 32. Strand Callantsoog: + 100 
stidlich, viel weniger nérdlich von 
Callantsoog angespiihlt (Strecke 
jedesmal 1 km). 

23. X. 32. Marsdiep: ein halbes 
Dutzend in einer Fischreuse. 

24. X. 33. Haaksgronden, grosse 
Kurre, 12-17 m: 1 Stiick. 

go. X. 32. Strand Callantsoog: 2 
Stick angespihlt. 


kurz zusammen, so ergibt sich 


Die ersten Cyaneas (lamarckii oder capillata) wurden im Februar 


beobachtet: am 27. II. 1934 wurde eine Meduse von 6.5 cm 
am Zuidwal, eine andere im Nieuwe Diep mit der kleinen 
Kurre gefangen; es wurde nicht auf die Art geachtet, aber zwei- 
fellos (sich weiter unten) lag hier Cyanea vor. Marzfunde gibt es 
nur wenige, die Zahl der frithen Tiere scheint nur klein zu sein; 
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Aprilfunde fehlen ganz. Die Tiere wurden regelmassig gefangen 
im Mai, Juni und Juli (viele von der zweiten Maihilfte an bis 
Ende Juli), einige im August, September und Oktober. Spate 
Exemplare wurden am 7. und g. X. 1932 beobachtet. Cyanea 
zeigt eine lange Periode des Vorkommens: Februar bis Oktober, 
auch die Zeit zahlreicheren Auftretens ist eine ziemlich gedehnte. 
Es ist aber noch unméglich anzugeben, ob die Periode vielleicht 
so lang ist weil sie zwei Arten umfasst, die unter sich Unter- 
schiede aufweisen. 

Aurellia aurita erscheint bei Den Helder offenbar um Mitte 
April: am 17. IV. 1934 in 6 Viertelstundfangen 1 Stiick, am 
28.-29. IV. 1936 viele, in allen Gréssen zwischen 20-25 und 
weniger als 6 cm, im Nieuwe Diep. Viele bis sehr viele 
kénnen im Mai und Juni anwesend sein. Ihre Anzahl ist 
klein im Juli und August, das letzte Exemplar ist vom 24. VIII. 
1933. Die Meduse von Aurellia aurita zeigt eine kurze Periode des 
Vorkommens, sie ist sehr bald nach ihrem Erscheinen zahlreich 
und verschwindet kurz nach der Periode der gréssten Haufigkeit. 

Chrysaora hysoscella erscheint Mitte (wahrscheinlich 1. Halfte) 
Juni: am 15. VI. 1934 in 5 Viertelstundfangen querab Texel 
4 Stick, am 17. VI. ’37 in 5 Fangen an der Ostseite Texels 
1 Stiick. Schon in der zweiten Junihalfte diirfte diese prachtvolle 
Qualle in grésserer Zahl vorkommen. Eine Zeit des maximalen 
Auftretens kann eigentlich nicht angegeben werden, sie kommt 
vom Juni bis Ende September offenbar immer in geringer Anzahl 
vor. Die Oktober-Funde sind alle von 1932, das spateste Datum 
ist der 24. XI. 1933. 

 Rhizostoma pulmo schliesslich kommt bei Den Helder ab Mitte 
Juni oder Anfang Juli zur Beobachtung. Das friitheste Datum ist 
der 17. VI. 1937, wenn an der Ostseite Texels 2 Stiick in 5 Fan- 
gen zur Beobachtung kommen. Demgegentiber ergeben der 17. 
VI. 1938 in 5 und der 23. VI. 1938 in 6 Fangen kein einziges 
Exemplar, die Art kommt also wahrscheinlich nicht jedes Jahr 
so friih. Sie kann im Juli ziemlich allgemein sein, ihr Maximum 
fallt indessen wahrscheinlich spater, die betreffenden Daten sind 
aber zu unvollstandig. Die letzten Tiere wurden Ende Oktober 
notiert: am 30. X. 1932. 

Es sei nochmals hervorgehoben, dass die Wahrnehmungen 
viel zu unvollstandig sind um genaue Angaben iiber die Perio- 
dizitat der behandelten Arten zu erméglichen. 
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III. DIE PERIODIZITAT UND IHRE URSACHEN 


Eine Zusammenfassung der wichtigsten in diesem Kapitel ge- 
gebenen Tatsachen findet sich in englischer Sprache am Schluss 
(p. 425). Sie enthalt zu gleicher Zeit die allgemeinen Folgerungen. 
Diese Zusammenfassung zu lesen ist zum richtigen Begriff der 
Tatsachen nétig und es hat fiir den Leser sogar Vorteile mit 
ihr anzufangen. 

Die Tatsachen selbst sind bei jeder der behandelten Arten 
ungefahr wie folgt eingeteilt: 1. die Periode des Vorkommens der 
Ephyren und Medusen an der hollandischen Kiiste, 2. die 
Periode des Auftretens in Westeuropa (von Siidengland bis in 
die Ostsee und bis Norwegen), 3. die Verspatung der Periodizitat 
nordwarts, 4. der Temperatureinfluss auf die Periodizitat, 5. das 
Vorkommen der Medusen vor ihrem ersten Erscheinen und der 
Einfluss ausserer Faktoren auf letzteres, 6. der Einfluss solcher 
Faktoren auf die Anzahl der Medusen in verschiedenen Jahren. 


1. Cyanea lamarckit Péron & Lésueur 


Aus den obigen Wahrnehmungen geht hervor, dass die Me- 
dusen von Cyanea in den Jahren 33 bis 39 bei Den Helder gefun- 
den wurden vom Februar bis in den Oktober und dass sie eine 
lange Zeit zahlreichen Auftretens in den Monaten Mai bis Juli 
zeigten. Dies stimmt gut zu den viel ausfiihrlicheren Beobach- 
tungen VAN DER MAADENs (1942b), nach denen die Tiere 
friihestens im Februar, spatestens Anfang Oktober gefunden 
werden und vom Mai bis in den Juli (sogar bis in den August 
hinein) zahlreich sein kénnen. Daraus lasst sich mit ziemlicher 
Sicherheit schliessen, dass Cyanea ausserhalb dieser Periode, also 
in den Monaten November, Dezember und Januar, nicht oder 
jedenfalls sehr selten als Meduse bei uns vorkommt. 

Aus VAN DER Maapens Beobachtungen gehr weiter hervor, 
dass Cyanea lamarckit vorkommt vom Februar bis in die zweite 
Septemberhalfte (praktisch nur bis Mitte August), C. capillata 
von Ende Mai bis in den Oktober hinein. Da C. capillata an der 
hollandischen Kiiste soviel weniger allgemein als C. lamarckii ist, 
lasst sich noch nicht mit Sicherheit angeben, ob sie wirklich nur 
von Ende Mai bis in den Oktober vorkommt, sicher ist aber, dass 
die Periode des Auftretens der Cyanea nicht deshalb lang ist, weil 
wir mit zwei Arten mit verschiedenen Perioden zu tun haben, 
sondern allein schon der langen Periode des Auftretens der 
Cyanea lamarckit wegen. 
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Nach M. J. Detars Beobachtungen (1905) bei Valencia (SW Irland) 
exreichten Ephyren von C. lamarckii von 4 mm Durchschnitt, die am 12.-18. 
Marz abgeschniirt wurden, am 5. April 7 mm, am 15. April 10, am go. April 
20, ami g. Mai 30 mm. Eine andere Meduse mass 50 mm am 29. Mai und 
ungelahr Go mm am 10. Juni. Die Temperatur war bei diesen Versuchen 
10-16" C. Aus diesen Wahrnehmungen lasst sich schliessen, dass in einem 
Monat cine Grosse von wenigstens 10, nach zwei Monaten von 50, nach 
drei Monaten von 150 mm erreicht werden kann. Somit ware eine Cyanca 
von 15 cm wenigstens drei, cin Tier von 28 cm (sich unten) sicher vier 
Monate alt. Aus Russezis Beobachtungen (1931b) kénnte man mit der 
notigen Zurickhaltung schliessen, dass C. lamarckii draussen bei Plymouth 
zwischen Anfang April und Anfang Juni von ungefahr 2 bis ungefahr 15 cm 
an Grosse zunchmen kann. Die Wahrnchmungen der beiden Dexaps bei 
Valencia draussen sind zu unvollstandig dass sie als Basis fur eine Schatzung 
der Wachstumsgeschwindigkeit dienen kénnten. Man vergleiche aber auch 
was unten ber das Wachstum der anderen Arten gesagt wird. 


Medusen, die Ende Februar cine Grésse von ungefahr 6 cm 
haben, sind wahrscheinlich mindestens zwei Monate alt. Aus 
VAN DER Maapens Beobachtungen geht hervor, dass kleine C. 
lamarckii bis Ende Juli vorkommen. Solche Tiere mégen ein bis 
zwei Monate alt und also im Juni geboren sein. Das bedeutet, 
dass dic Ephyren wahrscheinlich vom Dezember bis spatestens 
in den Juni gebildet werden. 

Fraulein Dexap fand im Aquarium von Valencia (Irland) 
Strobilation im Januar und Februar and Anfang der Ephyren- 
abschniirung Anfang Februar und Mitte Marz. Draussen fand 
sie junge Tiere unter 4 cm Anfang Mai, grossere (5-12 cm) im 
Juni, grosse Tiere im August und September. Aus Brownes 
Angaben (1900) geht hervor, dass grosse Exemplare bei Valencia 
zahblreich sein konnen im August. Die Anwesenheit nur kleiner 
Tiere unter 4 cm Anfang Mai weist wohl auf Ephyrenabschnii- 
rung im M4rz hin. Browne (1895) und Moore (1937) nennen 
fiir the Isle of Man nur C. capillata, keine C. lamarcku, die Angaben 
mégen sich aber auf C. lamarcku beziehen; es wird eine Ephyre 
noch fir Ende April angegeben, junge Quallen wurden im Mai, 
grossere Anfang Juni bis August gefunden. ~ Bei Plymouth findet 
Russert (1931 b) C. lamarcku nur zwischen dem g. April und 
2g. Juli. Die Tiere scheinen nicht sehr zahlreich zu sein, jeden- 
falls nicht jedes Jahr. Die April-Tiere sind grossenteils klein, 
0.5-5 cm Diameter, im Laufe des Sommers nehmen sie allmah- 
lich an Grésse zu. Die gréssten Exemplare erreichen etwas mehr 
als 15 cm, diese verschwinden Ende Juli. Aus seinen Angaben 
geht auch hervor, dass es kleine Tiere von nicht mehr als 1 cm 
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bis Anfang und sogar Mitte Juni geben kann. Ephyren werden 
‘danach wahrscheinlich von Ende Februar bis Anfang Mai ge- 
bildet. Die Periode der Ephyrenbildung ist aber offenbar kiirzer 
in Plymouth als an der hollandischen Kiiste. 

Genaue Angaben iiber das Auftreten bei Helgoland gibt es 
nicht, nach HarTLAuB (1896) sollte C. lamarckit da vorkommen 
vom Mai bis Mitte September, nach HAGMEIER (1930) gibt es 
laichreife Quallen in den Monaten Juni bis August. - Kramp 
(1937) gibt an, dass C. lamarckii an “Skagens Nordstrand” zahl- 
reich vorkommt im Juli und August. Er nimmt an, dass diese 
Tiere zum gréssten Teil von der Jiitischen Strémung aus dem 
stidlichen Teil der Nordsee angefiihrt werden, ich komme darauf 
unten zuriick, vergleiche Kapitel IV. — Gehen wir davon aus, 
dass Osrercrens Angaben iiber C. palmstruchit sich auf C. 
lamarckit beziehen (sich oben), so erscheint die Art an der schwe- 
dischen Skagerrakkiiste im Januar; die Tiere sind dann sehr 
klein; sie erreichen nach OsTERGREN ihr Maximum im Juni und 
verschwinden meistens Mitte Juli, spatestens in der 1. August- 
halfte (den 11. VIII. 1908). 

Aus diesen Angaben lasst sich schliessen, dass C. lamarckti in 
Valencia jedenfalls Ephyren liefert im Marz, in Plymouth von 
Ende Februar bis Anfang Mai, in Holland Dezember bis Juni, 
an der schwedischen Kiiste vom Dezember oder noch friiher an. 
Daraus lasst sich folgern, dass die Ephyren viel friiher (aber auch 
bis spater) geboren werden an der hollandischen und schwedi- 
schen Kiiste als in Siidengland. — Die jungen Quallen zeigen sich 
in grésserer Zahl bei Plymouth und Valencia gleich nach der 
Geburt, vom April oder Mai an; in Holland ebenfalls vom Mai 
an, aber diese sind dann teils schon gross. — Die reifen Quallen 
findet man bei Irland Juni bis September, bei Plymouth im Juni 
und Juli (1926 waren sie im Juli schon verschwunden), in Hol- 
land Mai bis September (praktisch bis Juli oder August), bei 
Helgoland mindestens vom Juni bis in den September, bei 
Skagen wahrscheinlich vom Juli (Juni?) bis in den September, 
an der schwedischen Kiiste aber nicht nach Mitte Juli oder der 
1. Augusthalfte. Es bestehen also Unterschiede fiir die verschie- 
denen Lokalitaten, es ist aber so ohne weiteres nicht deutlich, 
womit diese eventuell zusammenhangen. 

Nach dem, was wir jetzt tiber Lichteinfluss auf periodische 
Erscheinungen wissen (vergl. besonders Rowan, 1938), war ich 
anfangs geneigt anzunehmen, dass es die periodisch Aandernde 
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Lichtmenge ist, die die Periodizitat der Quallen beherrscht. Da- 
neben kénnte dann die Temperatur eine mehr oder weniger 
sekundare Rolle spielen. Es sieht aber so aus, als ob dem nicht so 
ist und ein direkter Einfluss von der Temperatur auf die Perio- 
dizitat ausgeht. Fiir Cyanea ist dies zwar nicht so leicht zu be- 
weisen, fiir Aurellia, Chrysaora und Rhizostoma ist es aber wahr- 
scheinlich, dass direkter Temperatureinfluss eine grosse Rolle 
spielt. Greife ich nun diesen Tatsachen vor und nehme ich 
fiir Cyanea lamarckit an, dass es die Temperatur ist, die die 
Ephyrenbildung (oder eigentlich die Strobilation) in Gang setzt, 
dann muss es eine niedrige Temperatur sein, die dies bewirkt, 
denn die Ephyren werden bei uns Dezember bis Juni und haupt- 
sachlich Februar bis April) gebildet. Die Minimum Wasser- 
temperatur findet sich bei uns im Februar und Marz. Wenn 
aber eine so niedrige Temperatur, von vielleicht 4 bis 8° C, fur 
die Ephyrenbildung giinstig ist, so ist es begreiflich, wenn bei 
Plymouth die Periode der Ephyrenbildung kiirzer dauert als in 
Holland, denn so niedrige Temperaturen werden da nur wahrend 
kurzer Zeit im Friithjahr erreicht. Dieser Fall ist denn auch ganz 
dem von Clupea harengus L. und Gadus merlangus L. (und eventuell 
anderen Arten) bei Plymouth analog. Forp (1929, p. 18-22) 
findet da grosse Heringfange, wenn die Temperatur in den Mo- 
naten November bis Februar niedrig, unter 12-11° C ist. Im 
Durchschnitt fallt die Temperatur aber nicht unter 11° vor der 
letzten Dekade des Dezember und die Monate November-De- 
zember solcher Jahre sind dann fiir die Heringfischerei ungiin- 
stig. RussELL (1935, p. 158-162) hat weiter nachgewiesen, dass 
der Wittling bei Plymouth sich fortpflanzt bei einer Temperatur 
zwischen 9 und g.5° C. Er weist nun darauf hin, dass sie sich in 
der Nordsee (vgl. Damas, 1909, p. 39) bei 6-10° C fortpflanzt. 
“Off Plymouth the temperature rarely drops below 8° C and. 
in some years does not drop bclow 9° C., so that evidently the 
period available for spawning is much more restricted than in 
more northern regions”. Dies Alles besagt, dass wenigstens einer 
der obenerwahnten Unterschiede zwischen verschiedenen Loka- 
litaten, namlich die kiirzere Bildungsperiode der Ephyren bei 
Plymouth, erklart werden kann und wir werden unten sehen, 
dass das auch fiir einen anderen Unterschied gilt. 


1) Die Hauptzeit fiir das Auftreten der Medusen fallt namlich in die 
Monate Juni—Juli und die altesten Medusen sind 4 Monate alt, die jiingeren 
zwei Monate. 
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Junge Cyaneas sind an der hollandischen Kiiste im Monat Mai, 
wenn sie in grésserer Anzahl erscheinen — im Gegensatz zu dem 
was fiir die April-Tiere von Plymouth gilt — von sehr verschie- 
dener Grosse und diese Tiere miissen also zu verschiedenen 
Zeiten als Ephyren abgeschniirt worden sein. Darauf weist auch 
das Vorkommen sehr junger Quallen bis ziemlich spat in den 
Sommer hinein hin; nach vAN DER MAApDENs Beobachtungen 
findet man Tiere von nur 2 cm Diameter bis mindestens Ende 
Juli. Solche Tiere sind, wie wir sahen, nicht viel mehr als einen 
Monat alt und es miissen also Ephyren abgeschniirt werden vom 
Januar bis in den Juni hinein. Teilweise mag dieser grosse Unter- 
schied in der Zeit der Ephyrenentstehung von Temperatur- 
einfliissen herrithren, indem zum Beispiel eine zu hohe oder zu 
niedrige Temperatur die Abschniirung verlangsamt; so kénnte 
in untiefem Wasser die Abschniirung zu einer anderen Zeit statt- 
finden als in tiefem. Daneben mag aber auch das Alter der 
Polypen eine Rolle spielen. Aus dem, was iiber das Vorkommen 
reifer Cyaneas bekannt ist (man findet sie von Ende Mai bis Ende 
August) und aus dem was wir fiir die nordamerikanischen Cyaneas 
wissen (BIGELOW, 1928, p. 357-358), geht hervor, dass auch die 
Fortpflanzungszeit der Medusen eine sehr gedehnte ist, so dass 
die Scyphistomas im Januar von sehr verschiedenem Alter sein 
miissen. Es ist nicht unwahrscheinlich, dass dies wiederum die 
Zeit der Strobilation beeinflusst. Weiter bleiben die Scyphisto- 
mas, wie wir durch Laboratorium- und Aquariumbeobachtun- 
gen wissen, mehrere (nach GRAEFFE viele) Jahre hintereinander 
am Leben und es ist nicht unméglich, dass dabei auch zwischen 
Tieren verschiedener Jahrgange Unterschiede in der Zeit der 
Ephyrenbildung bestehen; Fraulein Dear beschreibt ein Scy- 
phistoma, das in seinem ersten Frithling Ephyren zwischen dem 
12, und 18. Marz, in seinem zweiten Friihling Anfang Fe- 
bruar gab !), 


1) Harerrr (1902 und 1910) beschreibt, wie Ephyren von Gyanea innerhalb 
20 Tagen nach dem Festheften der Planula gebildet werden kénnen. “The 
minimum time noted between the attachment of the planula and the assump- 
tion of the strobila stage was ten days, making the time from the origin of 
the planula to that of the strobila about seventeen days, or about eighteen 
to twenty days for the appearance of the ephyra’’ (1902, p. 558). “In the 
larger number the period was much greater than this, thirty to forty days 
under average aquarium conditions, while in some case there was no 
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Von Interesse ist, dass die Medusen im Ganzen nie vor dem 
Mai oder dem Juni zahlreich angetroffen werden, obgleich aus 
ihren Grdéssen hervorgeht, dass sie im Marz und April schon 
zahlreich sein miissen. Aus den Messungen VAN DER MAADENS 
(1942 b) geht hervor, dass Cyanea lamarckit, wenn sie Ende Mai 
zum ersten Mal zahlreich auftritt, eine Grdsse von 1 bis 22 
(sogar 28) cm hat. Die grésseren und gréssten Tiere sind, wie 
wir sahen, vermutlich drei und vier Monate alt und also im 
Januar-Februar geboren. In der ganzen Periode zwischen dem 
Februar und Ende Mai sind sie aber héchst selten. In dieser 
Hinsicht nun sind die folgenden Bemerkungen von BicELow 
(1928, p. 358) fiir C. arctica (= C. capillata) von grossem Interesse. 
“Our failure to take them in our tow nets elsewhere in the Gulf 
during these months, in spite of the considerable number of 
hauls, recalls Louis Agassiz’s remark (1862, p. 109) thar “there 
must be something peculiar in the habits of the young Cyanea 
to render them apparently so rare, when in the adult state they 
are so common” along the coasts of Massachusetts Bay. His 
suggestion that they keep near the bottom during their early 
stages has been corroborated by Mayer’s observation (1910, p. 
600) that young Cyaneas rarely come to the surface in the aqua- 
rium but spend most of their time clinging to the bottom or side 
of the tank with their widespread oral fringes. The tendency of 
the small Cyaneas to seek the surface so much more regularly 
about Woods Hole than in the Gulf of Maine is an interesting 
local difference in habits still awaiting explanation.” 


-Acassiz (1862, p. 110-111) nahm an, dass Cyanea in ihrer Jugend in 
Bodennahe lebe, weil er selbst Aquariumbeobachtungen gemacht hatte, wie 
sie spater von MAYER wiederholt wurden. “The youngest specimen of Cyanea 
versicolor seen by me was found swimming near shore, in the channel along 
Sullivan’s Island, in Charleston harbor, and was kept for some time in 
confinement. It often suspended itself by the folds of the actinostome, to the 
sides of the glass vessel in which it was kept, and I am led to infer, from this 
circumstance, that this is a natural habit of the young Cyaneae, which may 
explain their rare appearance near the surface. The youngest specimen of 
Cyanea arctica, observed by my son, was in the habit of remaining attached 
to the bottom of the jar in which he kept it alive about ten days, hardly ever 
moving unless disturbed. We are so accustomed to consider Medusae as 


transformation even at the end of two months”’ (1910, p. 246). Diese kurze 
Dauer ist zweifellos fiir die Verhaltnisse im Meer abnormal, obgleich es 
nicht ausgeschlossen zu sein braucht, dass sie auch da ab und zu vorkommt. 
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animals floating in the water and basking near its surface, that the explana- 
. tion here given of the rare occurrence of young Cyaneae may appear ques- 
tionable, and I would hardly have ventured to suggest it, had I not become 
acquainted with a kind of Medusa, in Florida, of which I shall give an 
account in another chapter, which is hardly ever seen at the surface of the 
water, at any time, even when adult, but found by thousands, groping in 
the mud and hardly moving, crowded upon one another, like barnacles 
upon rocks.’”? Die von Acassiz gemeinte Meduse ist Cassiopea frondosa (Pall.). 

Mayer hat also wahrscheinlich diese Gedanken Acassiz’ iibernommen. 
wenn er seine Aquariumbeobachtungen im Zusammenhang mit der Lebens- 
weise der Medusen im Meere brachte. Nichtsdestoweniger bilden seine 
Beobachtungen (1910, p. 600) eine wertvolle Bestatigung der Wahrnehmun- 
gen Acassiz’. ‘““When the young Medusa is about 7 mm. in diameter there 
are a number of slender papillae upon the exumbrella and these are clustered 
especially at the aboral apex. In this stage the medusa rarely comes to the 
surface, but frequently spreads its oral fringes out over the bottom or sides 
of the aquarium and remains sedentary. The same habit is exhibited hy the 
closely allied “Cyanea fulva’’? which is represented in figs. 1 to 7, plate 66, 
and figs. 1 to 3, plate 67; and it is probably due to some such habit that the 
young are rarely to be found upon the surface while the large and mature 
medusae are very abundant.’? Mayers plate 67, fig. 1, bildet ein solches 
Tier, das sich mit den Mundarmen festgesogen hat, ab. 

Im Zusammenhang mit diesen Beobachtungen ist auch die folgende 
Angabe von Fraulein DELAP von Interesse. “Cyanea does not thrive in capti- 
vity as well as Chrysaora. It evidently requires more space than is given in 
an ordinary bell-jar of ten inches in diameter. It would remain for hours 
motionless on the bottom, and would not swim even to catch its food; but 
if a medusa was placed inside the frills, it quickly disappeared into the 
stomach.”’ Es sei hinzugefiigt, dass die jungen Medusen nach Fraulein DELars 
Wahrnehmungen eine grosse Vorliebe fiir kleine Hydromedusen als Nahrung 
haben. 

Schliesslich seien die von Harairr (1902, p. 558) an Cyanea-Ephyren von 
Woods Hole gemachten Beobachtungen genannt. “In habit the young 
ephyra appears somewhat sluggish, and, while capable of active movement 
by the contractions of its bell, lies rather quiescent in the aquarium, seldom 
moving except as stimulated by agitation of the water or otherwise. While 
in rest it lies upon the aboral surface, with the manubrium extended upward), 
probably a condition assumed for the capture of prey.’ 


VAN DER MAADEN (1942 b) gibt nun an, dass Cyanea an heissen 
Tagen mit Siidostwind schnell der Zahl nach zunimmt um mit 
Nordwestwind in grosser Anzahl angeschwemmt zu werden: 
» Das Meer wird gleichsam reingefegt’’. Die plétzliche Zunahme 
bei heissem Wetter kénnte zwei Ursachen haben. Die erste ist, 
dass der Siidostwind einen Bodenstrom nach der Kiiste verur- 


1) Dieses am Boden liegen mit der Oberseite unten wird fiir die Ephyren 
der Rhizostomide Mastigias papua L. Agassiz beschrieben von UcHipa 
(1926, p. 52). 
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sacht, der die Tiere in Landnahe bringt. Die zweite, dass das 
heisse Wetter sie an die Oberflache bringt der grossen Licht- 
menge oder der hohen Temperatur wegen. Da der Siidostwind 
aber nicht im Stande ist die Tiere vor friihestens Mitte Mai in 
grdsserer Anzahl an die Oberflache zu bringen, so liegt die An- 
nahme auf der Hand, dass die grosse Lichtmenge oder die hohe 
Temperatur dies verursachen. Das ist auch deshalb wahrschein- 
lich, weil das plétzlich spate Erscheinen offenbar von so weiter 
Verbreitung ist. Denn es wird nicht nur von BicELow fir die 
Gulf of Maine, sondern auch von Kramp (1937) fiir die danischen 
Gewasser beschrieben. Da nun die Lichtmenge an heissen Tagen 
nicht pl6otzlich zunimmt und die Zunahme der Tiere eine ziem- 
lich pl6tzliche ist, so liegt die Annahme auf der Hand, dass die 
hohe ‘Temperatur die Tiere nach oben bringt. Ein Vergleich der 
Cyanea-Grafiken VAN DER MAADENs und Kurven der Meerwasser- 
temperaturen fiir die Leuchtschiffe Noordhinder, Haaks und 
Terschellingerbank (Fig. 2) spricht nun dafiir, dass plétzliche 
Temperaturerhéhungen zwischen 13° und 17° C (wahrschein- 
lich zwischen 14° und 17°, aber naher lasst sich die Sache nicht 
definieren) von grossem Einfluss sind. In der Nahe aller plétz- 
lichen ‘Temperaturerhéhungen in diesem Gebiet finden sich hohe 
Cyanea-Maxima. Die Erscheinung ware aber erst durch mehr 
Beobachtungen zu beweisen. 

Wenn wir nun in diesem Licht die obenerwahnten Beobach- 
tungen iiber das Vorkommen der Medusen an verschiedenen 
Lokalitaten noch einmal durchsehen, so finden wir, dass die 
Cyaneas bei Plymouth, und zwar als kleine Tiere, schon im April 
oder Maierscheinen, in Holland im Mai oder Juni, bei Helgoland 
vom Juni und bei Skagen vom Juni oder Juli an. Das weist also 
auf eine Verspatung nach dem Norden hin. Diese Verspatung 
ware nun, wenn die Art iiberall in derselben Weise auf die Tem- 
peratur reagieren wiirde, leicht vegreiflich. Sie findet sich nicht 
nur bei C. lamarckit; MAYER (1910, p. 599) und BicELow (1928, 
p- 358) beschreiben sie fiir Cyanea arctica (= capillata) in Nord- 
amerika und wir werden ihr weiter unten bei Aurellia begegnen. 
Ausserdem finden wir sie fiir die Hydromedusen, von denen 
Kramp (1927, p. 222) schreibt: “It is a general rule that medusae 
species in the warmest part of their area of distribution occur 
earlier in the year than in colder parts; various instances of this 
are noted in Kramp & Damas (1925) in the case of Norwegian 
medusae, and also in my “Ingolf” papers.” Kramp nennt dann 
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einige Beispiele. — Nur die C. palmstruchii genannten Tiere von 
der schwedischen Kiiste passen nicht gut zu dieser Regel dass 
sie spater als die siidlicheren erscheinen, denn sie haben nach 
OsTERGREN ihr Maximum im Juni und verschwinden meistens 
Mitte Juli, spatestens in der 1. Augusthalfte, also eingentlich 
auffallend frith. Wenn das Alles richtig ist, so wiirde man, da 
auch hier die Medusen ab Januar anwesend sind, entweder an- 
nehmen miissen, dass die plétzliche Temperaturerhéhung, die 
giinstig fiir das Heraufkommen der Medusen ist, besonderen 
Umstanden zufolge an der schwedischen Kiste frither statt spater 
fallt als siidlicher, oder dass die Tiere aus dem Skagerrak physio- 
logisch etwas verschieden sind und auf niedrigere Erhohungen 
reagieren. — Was den Siiden von Grossbritannien betrifft, fallt es 
auf, dass die Periode spater ist in Valencia Harbour, am offenen 
Ozean, als in Plymouth. 

Aus VAN DER Maapens Beobachtungen (1942 b) geht hervor, 
dass die Cyaneas das eine Jahr ziemlich viel friiher als das andere 
verschwinden. Anfangs habe ich mir vergebens bemiiht einen 
Zusammenhang zwisschen diesem Verschwinden der Medusen 
und der Temperatur in der Zeit dieses Verschwindens zu finden. 
Auch das Vorkommen anderer Arten (Cyanea capillata, Aurellia 
aurita) im Norden bis in den Winter hinein (sieh unten) weist 
nicht auf Temperatureinfluss beim Verschwinden hin. Es hat 
sich nun aber fiir Awrellia, Chrysaora und Rhizostoma herausgestellt, 
dass offenbar ein Zusammenhang besteht zwischen dem Ver- 
schwinden und der Temperatur in den Monaten der Ephyren- 
bildung oder Strobilation. Fiir Cyanea ist es mir nicht gelungen das 
Bestehen dieses Zusammenhangs festzustellen, wahrscheinlich weil 
der Unterschied im Verschwinden von Jahr zu Jahr nicht gross 
genug ist; ich nehme aber an, dass die Ursache auch fiir sie 
besteht. — In diesem Zusammenhang ist, wie sich bei der Behand- 
lung der Aurellia zeigen wird, die folgende Beobachtung von Inte- 
resse, die uns auch aus anderem Grunde zu denken gibt. In der letz- 
ten Dekade des Juli 1936 gab es in Katwijk einen Tag von 14.000 
Cyaneas per km, dann im weiteren Verlauf des Sommers fast keine 
mehr. Diese hohe Zahl war wahrscheinlich einer starken Tempera- 
turerhéhung zuzuschreiben; die Wassertemperatur (Fig. 2) war bei 
‘Terschellingerbank im Durchschnitt 13° C in der zweiten, 15°.5 C 
in der dritten Dekade. Offenbar brachte also die plétzliche Tem- 
peraturerhohung alle anwesenden Tiere an die Oberflache, so dass 
es am Boden keine mehr gab. Aber wie konnten sich so viele Tiere 
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zur gleichen Zeit am Boden vorfinden? Es wird sich bei der 
Behandlung der Aurellia zeigen, dass das hohe Maximum und 
das plétzliche Ablaufen der Medusenproduktion wahrschein- 
lich an erster Stelle dem Temperatureinfluss auf die Strobi- 
lation zuzuschreiben war. — Daneben ist die Beobachtung aus fol- 
gendem Grunde interessant. Man fragt sich namlich, wo diese 
tiberzahlreichen Cyaneas denn bleiben? Wird das Meer wirklich 
bisweilen dermassen reingefegt, dass es keine Tiere mehr gibt? 
Oder ist die Lebensdauer der Cyaneas, nachdem sie einmal die 
Oberflache erreicht haben, eine so beschrankte, dass in kurzer 
Zeit alle Tiere sterben? Letzteres kann ich fast nicht annehmen, 
aber unmoglich ist es nicht. Man findet namlich nach vAN DER 
Maanvens Aufzeichnungen (1942 b) junge Cyaneas von einigen cm 
Diameter (also gut einen Monat alt) bis in die zweite Halfte des 
Juli hinein. Kurz darauf sind die Tiere dann nahezu ganz oder 
ganz verschwunden. Da wir nun wissen, dass die Tiere im 
Frihling und Friihsommer mindestens drei bis vier Monate 
brauchen um ihre Maximumgrésse zu erreichen, so miissen diese 
spaten Jungen verschwinden, ohne eine nennenswerte Grésse 
erreicht zu haben. Da nichts darauf hinweist, dass sie im Juli 
zum Bodenleben zuriickkehren, miissen wir wohl annehmen, dass 
sie sterben. Da C. lamarcki schon bei sehr geringer Grosse ge- 
schlechtsreif werden kann, mag dieses Sterben dennoch von 
einem Sichfortpflanzen vorangegangen sein. Es ware nun még- 
lich, dass die Frithjahrstiere deshalb Zeit haben gross zu werden, 
weil sie sich nicht fortpflanzen bevor die Temperatur eine gewisse 
Hohe erreicht hat, wahrend die Sommertiere keine Zeit zum 
Grosswerden haben, weil sie so friih reifen. Wenn beide Gruppen 
dann gleich oder kurz nach der Fortpflanzung sterben sollten, 
so ware es begreiflich, dass man am Ende der Periode nur kleine 
Individuen sieht. Dieses konnte zugleich der Grund sein weshalb 
in der ersten HA4lfte der Perioce des Vorkommens die grossen 
Tiere sich relativ zahlreicher vorfinden und auch grosser sind 
als spater, eine Tatsache auf die VAN DER Maapen fiir verschie- 
dene Arten hinweist. 

Ich nehme an, dass die Fortpflanzung mit dem baldigen Sterben zu 
machen hat, obgleich die Angaben der HarcirTTs (1910, p. 223) fiir Cyanea 
arctica (= capillata) auf das Gegenteil hinweisen kénnten. Sie schreiben 
namlich folgendes. “Following the liberation of the sexual products, and in 
the case of the females the final escape of the larvae, there seems to be a 


rather rapid decline in the vigor and activity of Aurelia and early death 
ensues. Many specimens may be found drifting along shore lines and in 
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harbors, and, if there be wind or tide driving them shoreward, they become 
stranded and rapidly disintegrate. An examination of many such during 
the past summer showed that in most cases such specimens were dead or 
dying when they came ashore. The case of Cyanea seems somewhat different. 
This medusa seems to live for considerable time after passing the spawning 
period. As stated before, the breeding season is usually in spring. But it is 
not unusual to find many specimens during early and late summer swimming 
freely in the usual manner. It is, however, rare to find such specimens bearing 
genital products. In many specimens collected in Casco Bay during the past 
summer not one was found with gonads.”’ 


Bis so weit die Ursachen der Saisonperiodizitat. Betrachten 
wir jetzt die Jahresunterschiede, so finden wir, dass die Zahl der 
Cyaneas offenbar sehr viel grésser war im Jahre 1935 als in den 
anderen Jahren, in denen VAN DER MAADEN Beobachtungen 
sammelte. Es ist gentigend bekannt, wie stark das Heranwachsen 
von Jungtieren im Meer von Umwelteinfliissen abhangig ist und 
in wie starkem Masse zum Beispiel die praktische Fischerei von 
,guten”, oder ,,schlechten” Hering- oder Schellfisch-Jahren be- 
einflusst wird. In vielen Fallen mag die Temperatur eine wich- 
tige Rolle spielen, es bestehen aber verschiedene andere Ur- 
sachen, die RussELL (1935, p. 162-165) schon einmal resumiert 
hat. Obgleich ein einzelnes Beispiel vom Zusammengehen grosser 
Haufigkeit mit einem Umwelteinfluss natiirlich nicht ausschlag- 
gebend ist, sei darauf hingewiesen, dass die Dezember- bis Februar- 
Temperaturen in dem uns hier interessierenden Winter ’34—35 
(Fig. 2) abnorm hoch waren, hoher als in allen iibrigen Jahren. 
Es ist also nicht unméglich, dass warme Winter die Cyanea-Zahlen 
im nachsten Sommer giinstig beeinflussen, wobei man allererst 
an die Giinstigkeit einer etwas héheren Wintertemperatur auf 
die Ephyrenbildung denkt. — Es ist aber auch denkbar, dass die 
Haufigkeit der Medusen eine andere Ursache hat. Die Scypho- 
polypen kénnen sich durch Knospenbildung stark vermehren. 
Wir wissen nicht was diese Knospenbildung beeinflusst, aber 
wenn unter besonderen Umstanden jeder Polyp sich zehnfach 
vermehren wiirde, ware auch die Zahl der Ephyren zehnfach 
vermehrt. Nun kénnte auch die Knospenbildung unter Tem- 
peratureinfluss stehen und in bestimmten Wintern (sie findet 
besonders im Herbst oder Winter, vor der Strobilation, statt) 
stark begiinstigt werden. Damit ware aber auch Zunahme der 
Medusen auf diesem Wege auf Temperatureinfluss zuriickge- 
fiihrt. — Leider wissen wir von einem Einfluss von Milieufaktoren 
auf die Knospenbildung der Cyanea-Scyphistomas ebenso wenig 
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wie von ihrem Einfluss auf die Ephyrenbildung. Ich habe nicht 
einmal Angaben dariiber gefunden in wie weit Knospenbildung 
bei C. lamarcki eine Rolle spielt 1). 

Sogar uber das*Vorkommen der Scyphistomas an unserer Kiiste ist nichts 
bekannt und nicht viel besser steht es damit im tbrigen Westeuropa. Damas 
(1909) nimmt fiir C. capillata an, sie werde ausschliesslich in unmittelbarer 
Nahe des Landes geboren. Obgleich dieses wohl zutrifft (vergleich auch die 
Auseinandersetzungen BiGELows), so ist es wahrscheinlich, dass die Scyphis- 
tomen nicht an untiefes Wasser gebunden sind, sondern bis relativ tief (70m) 
vorkommen kénnen (BIGELOw, 1928, p. 359). 


2. Cyanea capillata (L.) 


Wie schon erwahnt, deuten VAN DER MAADENs Beobachtungen 
darauf hin, dass C. capillata bei uns vorkommt von Ende Mai bis 
in den Oktober. Da Cyanea frith im Jahr so selten gefunden wird, 
braucht die Moglichkeit nicht ausgeschlossen zu sein, dass C. 
capillata friiher erscheint. Obgleich die Zeit ihrer gréssten Haufig- 
keit, wie die der C’. lamarckit, in den Juni und Juli fallt, bekommt 
man den Eindruck, dass die Periode als ganzes, verglichen mit 
der der C. lamarckii, etwas spater fallt; besonders das Vorkommen 
relativ vieler Tiere (+ 30 auf 1 km) im September 1933 ist auf- 
fallend. Ausserdem werden wir weiter unten sehen, dass auch 
in den danischen Gewadssern C’. capillata spater als C. lamarckii 
auftritt, woraus wir folgern diirfen, dass dies auch fiir Holland 
gilt. Der Unterschied ist aber weniger ausgesprochen als aus 
Stiasnys Angaben (1930, p. 20, vergleiche auch VAN DER 
MAADEN 1942 a, p. 68) heryorgehen wiirde. 

Aus Messungen VAN DER MaAapens (vergleiche seine Tabelle 1) 
geht hervor, dass die Medusen, wenn sie in der letzten Dekade 
des Mai erscheinen, ziemlich klein sind und erst allmahlich einen 
grésseren Durchmesser erreichen. Die gréssten sind bis 17 cm 
Ende Mai, 30-35 cm Mitte Juni oder spater, was auf ein sehr 
schnelles Wachstum hindeuter wiirde, wenn dieser Schluss 
erlaubt ware. Wir kénnen mit ziemlicher Sicherheit behaupten, 
dass Tiere von 17 cm mindestens 6 Wochen und hochstens 3 
Monate alt sind und sie wiirden also im Marz geboren sein. 

Nach vAN DER MAADENs Messungen kommen kleine Tiere von 
2-3 cm bis Mitte und sogar Ende Juli vor. Solche Tiere sind 
wohl nicht viel alter als einen Monat und Ephyren wiirden also 


1) HarGITT (1902, p. 557, 1910, p. 248) sagt von Cyanea arctica (= capillata) 
bei Woods Hole, dass Stolonisation “is a much less common feature in 
Cyanea than in Aurelia, though not by any means rare’’. 
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noch im Juni abgeschniirt werden. Die Periode der Ephyren- 
bildung wiirde also die Monate Marz bis Juni umfassen. 

Was das eventuelle Vorkommen der C. capillata in Westengland 
(Isle of Man) anbelangt, sei auf das unter C. lamarckw gesagte 
verwiesen. Nordlicher, an der Westkiiste von Siidschottland 
(Firth of Clyde), wurde C. capillata nach BROWNE (1906, p. 775) 
viel gefunden im Juli und weiter im September und Oktober. 
Ein junges Tier von ungefahr 15 mm wurde noch am 5. Sep- 
tember gefunden. 

Nach Hacmerer (1930) fallt die Laichzeit fiir C. capillata bei 
Helgoland vom August bis Anfang September; ,,das Festsetzen 
der Planulae scheint bisweilen erst nach langerem Umher- 
schwimmen stattzufinden, bei einem Versuch wurden noch nach 
vier Wochen schwimmende Planulae angetroffen”’ +). Strobila- 
tion wird fiir den Dezember (1924) und den Februar (1928) 
erwahnt; diese Angaben beziehen sich auf Aquariumbeobach- 
tungen. Die Quallen erreichten nach 70 Tagen 30, nach 3 
Monaten 50 mm; es ist anzunehmen, dass dieses Wachstum nicht 
optimaler Umstande wegen zu langsam war. — Es bestehen ftir 
die schwedische Kiiste Angaben von AurRiviLLius (1898 b, p. 
8-9). Nach ihm treten junge Tiere Anfang Mai auf ?). Sie errei- 
chen ihre volle Grésse nach Mitte Juni und stammen vermutlich 
aus Ephyren, die Ende Februar bis Ende April gefunden wurden. 
Geschlechtsreife Tiere gibt es im Sommer und Herbst viele, im 
Januar sind sie schon seltener, in den Monaten Februar bis April 
kommt nur ein einzelnes Exemplar vor (so am 16. II. 1895, bei 
einer Wassertemperatur von + 1° C, ein Exemplar, dessen Eier 
sich in einigen Tagen zu Planulae entwickelten; ein anderes Ex. 
wurde am 7. III. bei einer Wassertemperatur von — 1° C gefun- 
den). Da es auch Ephyren im Herbst (Ende September bis 
Oktober) gibt, nimmt AurRIvILLtus an, dass sie es sind, die die 
Wintertiere liefern, insoweit letztere nicht von anderswo ins Ska- 
gerrak hinein gefiihrt werden. Die Schwierigkeit ist aber, dass er 
die Ephyren der Aurellia und Cyanea capillata nicht unterscheiden 
konnte, was die Sache etwas unsicher macht. — Auch nach 
OsTERGREN tritt C. capillata an der schwedischen Kiiste nicht vor 
dem Mai auf. Ihr Maximum erreicht die Art dort nach ihm in 
den Monaten August bis Oktober. Sie verschwindet, ,,bis auf 


') Harerrr (1902) beschreibt ahnliches fiir C. arctica (= capillata)»in 
Nordamerika. 


”) In seinem anderen Beitrag spricht AurIviLuivs iiber Anfang Juni. 
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einzelne Exemplare”’, im November und Dezember. Letztere An- 
gabe bildet also eine Bestatigung der Angaben des AurIvILLIUs. — 
KRamp (1937, p. 182) gibt an, dass die Strobilation in den dani- 
schen Gewassern hauptsachlich im Marz und April stattfindet; 
in geringerem Masse kann sie aber auch im Laufe des Sommers 
stattfinden, mit einem neuen Maximum im Herbst. Worauf diese 
Beobachtungen fussen, weiss ich nicht. Auch Kramp weist, jetzt 
fiir diese Art, auf die lange Abwesenheit der Medusen im Friih- 
ling und im Zusammenhang damit auf das Verhalten der. Cyanea 
im Aquarium hin‘), vergleiche oben, Seite 383-384. Nach ihm 
sind die Tiere zahlreich im Juli und August, wonach sie an Zahl 
abnehmen. Eine Anzahl grosse Individuen ,,der Friihlingsgene- 
ration” kann man indessen noch bis in den Winter hinein antreffen. 

In der Ostsee kommen die Ephyren von C. capillata nach 
Krawmp spater als an der schwedischen Kiiste vor. 

Schliesslich fand M. Sars (1841) bei Bergen (Norwegen) am 
13. April (1837) Cyanea-Medusen von ungefahr 12 mm, die er 
fiir C. capillata hielt, und er beschreibt Planulae, die er am 19. 
September und 12. Oktober (1839) aus Medusen der C. capillata 
von 15-20 cm Durchmesser erhielt. Nach Damas (1909, p. 101) 
erscheinen die Medusen der C. capillata frither “in the southern 
than in the arctic regions’”’. 

Fassen wir diese Angaben zusammen, so finden wir Ephyren 
in Holland von mindestens Marz bis Juni, an der schwedischen 
und danischen Kiiste von Ende Februar bis Ende April, und 
nach Kramp den ganzen Sommer hindurch, mit einem neuen 
Maximum im Herbst, das mit dem von AurRIVILLIus erwahnten 
Vorkommen von Ende September bis Ende Oktober iiberein- 
stimmen mag. 

Die jungen Medusen finden wir in Holland ab Mai und die 
Tiere verschwinden friihestens im Juli, spatestens Anfang Okto- 
ber. An der schwedischen Kiiste erscheint C. capillata Anfang Mai 
oder Juni (vgl. oben), einige Tiere bleiben da wahrend eines 
grossen Teiles des Winters am Leben. 

Es sieht also aus, alsob die Zeit des Erscheinens der Ephyren 
und Medusen sich nach dem Norden hin nicht oder wenig ver- 
spatet, wahrend die Periode des Vorkommens im Norden sich 
verlangert weil die Zeit des Verschwindens viel spater als im 

1) Da es hier ein Handbuch gilt, wird die Literatur nicht angegeben, 


aber ich nehme an, dass Kramp hierbei auf Acassiz, MAvER oder BiGELOw 
fusst, vergleiche unter C. lamarckit. 


25 


392 J. VERWEY 


Siiden fallt. Wie bei der Behandlung der C. lamarcku schon gesagt 
_ wurde, gilt die Verspatung der ganzen Periode auch fir C. 
capillata in Nordamerika. 

Nicht nur AuRIVILLIUS, OsTERGREN und Kramp nennen das 
Vorkommen einzelner Cyanea capillata bis in den Winter hinein, 
es wird von Mc InrosH (1927, p. 12) auch fiir die Kiiste von 
Schottland angegeben und genau wie nach Kramp in den dani- 
schen Gewdssern handelt es sich auch hier um grosse Stiicke. 
“During mid-winter a huge Cyanea occasionally may be caught 
at a depth of 15 to 20 fathoms off the Bay — a solitary survivor 
of the swarms of summer.” Und er fiigt dann zu: “So far as the 
records go, the captures in December at St. Andrews appear to 
be more plentiful than at Plymouth, especially as regards the 
Coelenterates’’. Dieses spate Vorkommen nach dem Norden hin 
ist interessant in Anbetracht des spaten Vorkommens im Norden 
einer Anzahl anderer Tiere mit mehr oder weniger siidlicher 
Verbreitung. Unter diesen gibt es verschiedene Arten von 
Fischen, die aus dem siidlichen Teile der Nordsee im Winter 
ganz verschwinden, im Norden aber regelmassig in kleiner An- 
zahl vorkommen: eus faber L., Caranx trachurus L., Galeus vulgaris 
Flem., u.a., ich werde darauf in einem spateren Beitrag zuriick- 
kommen. Es unterliegt meiner Meinung nach keinem Zweifel, 
dass sich diese Tiere deshalb so spat im Norden vorfinden, weil 
da die Temperaturen noch spat im Jahr relativ hoch sind wegen 
der grésseren Tiefe und somit grésseren Warme des Wassers in 
dem nordlichen Teile der Nordsee dem siidlichen gegeniiber. 
Unwillkiirlich fragt man sich, ob dies auch fiir die Medusen 
gelten kénnte. Und da kommen wir zu dem Schluss, dass dem 
gewiss nicht so ist, denn wir werden unten, fiir Awrellia, finden, 
dass sit im Winter im Norden bei so grosser Kalte vorkommt, 
dass sie einfach einfrieren kann. Das spate Vorkommen der 
Quallen im Norden ist denn auch gewiss nur die notwendige 
Folge der allgemeinen Verspatung in der Zeit des Vorkommens 
nach dem Norden hin, es ist nur Folge des spaten Endens der 
Strobilationsperiode. Die ganze Periode fallt da spater, sie endet 
also auch spater. Das wiirde zugleicherzeit besagen, dass die spat 
im Winter gefundenen Tiere aus spat im Herbst gefundenen 
Ephyren stammen, wie AurrviLutus schon annahm. Sie wiirden 
alsonichtzur “Frithling-Generation” gehéren, wie Kramp glaubte. 

Wenn es richtig ist, dass die Periode der Ephyrenbildung in 
Holland Marz bis Juni, in den danischen und schwedischen Ge- 
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wassern Marz bis Ende Oktober dauert, so liegt die Annahme 
auf der Hand, dass wir hier einen ahnlichen Fall vor uns haben, 
wie wir denselben schon unter C. lamarckii antrafen. Da fanden 
wir eine kurze Fortpflanzungsperiode bei Plymouth, weil die 
Temperatur im Winter erst sehr spat geniigend niedrig wurde. 
Ahnliches kénnte nun fiir C. capillata gelten: vielleicht wegen der 
hohen Temperatur im siidlichen Teile der Nordsee im Sommer 
endet die Strobilation dort frith, wahrend sie im Norden langer 
fortdauern kann. Die zeitweise Unterbrechung der Ephyren- 
bildung im Sommer an der schwedischen Kiiste kénnte dann in 
der gleichen Tatsache, in einer zu hohen Sommertemperatur, 
ihre Ursache haben. 

Die jungen Cyanea capillata sind, wenn sie sich Ende Mai zum er- 
sten Mal zeigen, wie oben schon zur Sprache kam, héchstens 15-20 
cm gross. Diese gréssten Tiere mégen 2-3 Monate (oder, wenn 
sie sehr schnell wachsen sollten, 6-10 Wochen) alt sein und sie 
haben also, genau wie die jungen C. lamarckii, eine gewisse Periode 
ihres Lebens in Bodennahe verbracht. Diese Periode ist wahr- 
scheinlich nicht viel kiirzer als die der C. lamarckit, denn die 
Ephyren werden zwar spater als bei dieser Art geboren, die jun- 
gen Quallen erscheinen aber durchschnittlich wahrscheinlich 
auch spater als bei ihr. Wir hérten schon, dass KRAmp (1937) das 
, Bodenleben” auch fiir die danischen Gewasser erwahnt und 
dass es auch bei C. arctica in Nordamerika gefunden wird, die 
mit C. capillata identisch oder ihr sehr nahe verwandt ist. 

Die Zahl der von VAN DER MAADEN gefundenen C. capillata ist 
zu klein um feststellen zu k6nnen, was das Erscheinen der Medusen 
ab Ende Mai verursacht. Vermutlich spielt auch hier die Tempe- 
ratur eine wichtige Rolle, aber gerade in Anbetracht der nahen 
Verwandtschaft der beiden Arten und anderseits der Unter- 
schiede in ihrer Biologie ware es von grossem Interesse eben dies 
mit Sicherheit festzustellen. Der Hauptunterschied im Vorkom- 
men der beiden Arten ist der, dass die Strobilation der C.lamarckit 
im Dezember und Januar anfangt, wahrend die Medusen spates- 
tens im September verschwinden, dass die Strobilation der C. 
capillata Ende Februar oder im Marz anfangt, wahrend die Me- 
dusen bis spat in den Winter hinein verschwinden. Bei C. lamarckit 
ist die Periode der Ephyrenbildung, bei C. capillata die des Vor- 
kommens der Medusen teilweise auf den Winter verlegt. Es be- 
stehen also vermutlich grundlegende Unterschiede in der Reak- 
tion beider Arten dusseren Einfliissen gegeniiber. Wie gesagt, ist 
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VAN DER MAADENs Material aber zu klein, hier einen eventuellen 
_ Temperatureinfluss nachzuweisen. Einmal scheint Ubereinstim- 
mung im Anschwimmen mit C. lamarckit, dann wieder mit Aurellia 
aurita (sieh unten) zu bestehen, so dass ein brauchbarer Hin- 
weis fehlt. 

Uber eventuelle Unterschiede im Verschwinden der C. capillata 
in verschiedenen Jahren lasst sich an der Hand von VAN DER 
Maabens Material nichts sagen. Nur 1933 kamen die Tiere offen- 
bar bis spater in den Sommer (September) vor. Diese September- 
tiere massen 13-20 cm und diirften Anfang bis Mitte Juli geboren 
sein. Der Juli 1933 war nicht kalt, sondern warm. Die Annahme 
liegt also sicher nicht auf der Hand, dass die Tiere sich lange 
fortpflanzten, weil die Temperatur lange niedrig blieb. 

Es sieht aus alsob C. capillata am zahlreichsten war in den 
Jahren, in denen auch C. lamarckit zahlreich auftrat. Das wiirde 
bedeuten, dass warme Winter an der hollandischen Kiiste ftir 
beide Arten giinstig sind. Sicherheit dariiber besteht aber 
keineswegs. 


3. Aurellia aurita (L.) 


Aurellia aurita kommt bei Den Helder friithestens um die Mitte 
des April zur Beobachtung und 1934 war sie am 8. Mai schon 
sehr zahlreich. VAN DER MAADEN hat keine Funde vor dem Mai 
und keine Maxima vor Mitte Mai. Der Unterschied mag teilweise 
daran liegen, dass die friihen Beobachtungen bei Den Helder 
resp. am 17. IV. und 8. V. 1934 sich auf in Bodennahe lebende 
Tiere beziehen. Teilweise mag aber ein geringer Unterschied im 
Auftreten zwischen Katwijk und Den Helder bestehen, der viel- 
leicht auf die eventuell gréssere Haufigkeit von Aurellia in Brack- 
wassergebieten zuriickzufiihren ist, sich unten. Die Ohrenqualle 
ist namlich (vergleiche besonders BrceLow, 1928, p. 362-363) 
eine typische Form des mehr oder weniger brackigen Wassers, 
sie ist am zahlreichsten in den Miindungsgebieten der Fliisse, 
reicht zum Beispiel in der Ostsee bis an die finnische Kiiste heran, 
wo die Salinitat nur ungefahr 6°/,, betragt.— VAN DER MAADENS 
Beobachtungen zeigen, dass die Zeit des Maximalauftretens in 

_Katwijk zwischen halb Mai und spatestens halb Juli liegt. Die 
Meduse ist also sehr bald nach ihrem ersten Erscheinen zahlreich. 
Die Art verschwindet zwischen Mitte Juli und Ende August, VAN 
DER MAADEN fand in den Jahren 1933 und °35 noch eins resp. 
einige im September, das letzte am 28. dieses Monats. Im allge- 
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meinen ist die Periode des Vorkommens der Aurellia an der hol- 
landischen Kiiste viel weniger gedehnt als die der Cyaneas, nach 
VAN DER MaapeEns Diagrammen wurde 1934 das erste Exemplar 
am 11. Mai, das letzte am 13. Juli gesehen; 1935 ergab aber nach 
diesen Beobachtungen eine viel gedehntere Periode, vom 2. April 
bis zum 28. September. 

Die friih erscheinenden Tiere sind von sehr verschiedener 
Grésse: 5 bis 20 (vielleicht bis 25) cm Ende April und Anfang 
Mai. Die gréssten Tiere von VAN DER MAADEN massen 29 und 34. 
cm in der letzten Dekade des Mai. Tiere von 20 und mehr cm 
sind mindestens 3 Monate alt und die genannten sind also spates- 
tens im Februar geboren. VAN DER MAADEN fand kleine Tiere 
von 4-6 cm noch im August. Solche Tiere sind héchstens zwei 
Monate alt und also im Juni geboren. Die Entstehungsperiode 
fiir Aurellia sollte an der hollandischen Kiiste also Februar bis 
Juni sein. Meistens endet die Periode aber friiher. 


Nach Fraulein M. J. DeELAps Beobachtungen (1907) in Valencia Harbour 
(Irland) wachsen die Ephyren in ungefahr einem Monat von 4 bis mindestens 
10 mm heran. Weiter erreichte eine Aurellia, die am 5. Juli 35 mm mass, 
am 10. Juli 45, am 15. Juli 60 mm; eine andere wuchs von 50 bis 70 mm 
zwischen dem 8. und 16. Juni. Fraulein Detar legt den Nachdruck auf den 
grossen Einfluss geniigender Nahrungsmengen. Die Angaben beziehen sich 
auf Tiere in Gefangenschaft. 

Nach den Wahrnehmungen von M. Sars (1841) in der Nahe von Bergen 
(Norwegen) wuchsen Tiere im Meere zwischen dem 22. Marz und dem 
11.-20. April von ungefahr 6 bis 25 mm heran. 

HAGMEIER (1930, p. 559) sagt: ,, lm Alter von etwa drei Wochen entwickeln 
sich die Tentakel bei einem Durchmesser von g bis 10 mm (DELapP, 1907, 
l.c. und Helgoland). Im Alter von etwa fiinf Wochen wachsen die Mundarme 
aus und das Tier enthalt die halbkugelige Gestalt der Aurelia (Durchmesser 
etwa 13 mm).’’ Diese Angaben beziehen sich auf Aquariumbeobachtungen. 
Hacmriers Angabe, nach welcher die Quallen in etwa 7 Monaten einen 
Durchmesser von 100 mm erreichten und dann geschlechtsreif wurden, 
besagt dass diese Tiere viel zu langsam wuchsen. 

AuriviLuius (1898 b, p. 8-g) nenn‘ fir Tiere an der schwedischen Kiiste 
eine Grésse von bis 25 mm am 8. und 11. Mai(1895), von 90 mm am 28. Mai, 
von 140 mm am 15. Juni. Die Wassertemperatur am 8.-11. Mai war 
dabei 12°.5. 

Auch Ussine (1927) gibt Masse fiir Tiere im Meer. Nach seinen Beobach- 
tungen im Mariagerfjord (Ostjiitland, Danemark, Salinitat 14-15°/o9) er- 
reichten Tiere, die am 27. Mai (1923) 12-15 mm massen, am 8. Juli bis 65 mm. 

Loumann (1908) findet’bei Kiel kleine Medusen von 1-2 cm Durchmesser 
von Anfang Mai an. Mitte Juni erreichten “die mit dem Netz gefangenen 
Aurelien”? 10 cm Durchmesser, Ende Juni fand er solche von 20 cm, Ende 

Juli Schwarme grosser ausgewachsener Tiere, deren Grésse aber nicht 
angegeben wird. 
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Schliesslich gibt WiksTR6M (1921) Masse (in mm) fur die Tiere in den 
Scharen SW. Finnlands, in 6.5-5.5°/o) Salzgehalt (W1xsTR6M 1936): 


- Klein Mittelgross Grésste 
Anfang Juli 5— 8 g—!2 17 
Ende Juli {9-47 26 wee: 
Mitte August E317 20—26 60 


1932 fugt er dann noch andere Angaben hinzu: im Juni erreichen die 
Tiere eine Mittelgrésse von etwa 10 mm, aber unter giinstigen Verhaltnissen 
kénnen Ende Juni Quallen von 35-40 mm als Seltenheit vorkommen; im 
Juli ist die Mittelgrésse etwa 20-30 mm, es gibt daneben sparlich Tiere von 
50-60 mm; im August ist die Mittelgrésse etwa 60-70 mm. Viel grésser als 
70 scheinen die Tiere da nicht zu werden. 

Nach diesen Wahrnehmungen wachsen Aurellias im siidlichen Teile der 
Nordsee wahrscheinlich in ihrem ersten Monat bis mindestens 15 mm heran, 
im zweiten Monat bis sicher 40 oder 50 mm. Es scheint, dass bei Anwesenheit 
geniigender Nahrung die Tiere innerhalb drei Monaten bis iiber 20 cm 
erreichen kénnen. Danach waren die grésseren Medusen, die Anfang Mai 
bei uns erscheinen, im Februar-Marz als Ephyren abgeschniirt worden. — 
In der Adria soll Aurellia etwas langsamer wachsen, denn GRAEFFE (1884, 
P- 343) sagt, dass die im Oktober gelésten Ephyren in circa vier Monaten 
zu geschlechtsreifen Medusen heranwachsen’’. Diese Angabe fusst auf 
Wahrnehmungen im Meer. 


Uber die Periodizitat der Aurellien finden sich viele Angaben 
in der Literatur. Ich behandle die Ephyren und Medusen geson- 
dert und fange mit den Ephyren an. 

BROWNE (1900) erwahnt fiir Valencia Harbour, Irland, Funde 
von Ephyren fiir den 14. Februar 1896, den 14. Januar und im 
Februar 1897, Februar und Marz 1898. “The scarceness of the 
Ephyrae during the spring seems to indicate that the Scyphistoma 
stage is either absent or very scarce in the harbour.” In Fraulein 
Devaps Ziichtungsversuchen kamen die ersten Ephyren am 28. 
Dezember (1903), 13. Februar (1904) und 4. April (1903) frei. 
Die Unterschiede in der Zeit zwischen verschiedenen Scyphis- 
tomen waren sehr gross. Im Jahre 1904. wurde die oberste Ephyre 
der friithesten Scyphistomen am 13. Februar abgeschniirt, wah- 
rend andere Polypen ihre ersten Ephyren erst im Laufe des 
Monats Marz abgaben. Ausserdem mag eine Periode von einer 
Woche zwischen der Abschniirung der ersten und letzten Ephy- 
ren einer Scyphistoma liegen, denn Fraulein Detap (1905) be- 
schreibt fiir Cyanea lamarckii die Abschniirung von 12 Ephyren 
zwischen dem 12. und 18. Marz. Die 1900-1901 Temperaturen 
des Aquariumwassers waren (M. J. DeLap, 1905) im Dezember 
11-13, Februar 7-11, Marz 8.5-12, April 9.5-14°; 11°C ist all 
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diesen Monaten gemeinsam. Im Meer wurden Ephyren gefunden 
am 14. und 20. Februar und am 5., 16. und 30. Marz (Jahre 
1899-1901). —In Marine Fauna of the Isle of Man (Moorg, 1937, 
p. 52) werden Ephyren fiir die “hatching ponds” in Port Erin 
fir den Januar und Februar jedes Jahres, fiir das Aquarium fiir 
den Marz (1900) angegeben. BRowne (1895, p. 412) nennt sie 
fiir Ende Marz und Anfang April (1894). — In der Firth of Clyde 
an der Westkiiste von Siidschottland wurden Ephyren im Jahre 
Ig02 zwischen dem 25. Februar und dem 3. April gesehen (ins- 
gesamt nur 5 Stiick) (BRowng, 1906, p. 775). — Fir Plymouth 
wird in Plymouth Marine Fauna (p. 85) angegeben: “The 
ephyrae appear in Febr. and may be taken in shoals during the 
first fortnight of Mar., they metamorphose towards the end of 
the month and begin to disappear’. Fiir das Aquarium werden 
Ephyren (bisweilen Tausende) fiir die Zeit zwischen Ende Januar 
und Ende Marz angegeben. 

, Auf Helgoland beginnt die Entwicklung der Strobila meistens 
in der zweiten Dezemberhalfte und zieht sich bis in den Marz 
hinein” (HAGMEIER, 1930, p. 554). Es betrifft hier Aquarium- 
beobachtungen. Die genaue Zeit der Ephyrenabschniirung wird 
nicht angegeben. Nach THILL (1937, p. 92) sollten die Ephyren 
bei Helgoland draussen im Dezember-Januar gefunden werden. 
Die Angabe scheint auf eine Mitteilung Wutrrs zu fussen, nach 
der die jungen Medusen sich da Januar bis Mai finden sollten, 
eine Mitteilung die wohl unrichtig ist, sieh unten. — Ussinc (1927) 
gibt fiir Mariagerfjord (Ostjiitland) Strobilation fiir Februar bis 
April, Ephyren fiir die Monate April bis Juni (1923) an. Ich 
denke, Marz bis Juni diirfte wohl richtiger sein. Im Aquarium 
kamen die ersten Ephyren am 4. April frei. - LoHMANN (1908) 
findet die Ephyren bei Kiel vom 30. I. an, regelmassig im Februar 
und im Marz, bis in die letzte Dekade des April, die Angabe 
scheint mir aber nicht vollkommen sicher '). Bocucxr (1933) 
findet 1932-33 die Ephyren bei Hel (Polen) in den Monaten 
Mai-—Juni. Schliesslich geht aus Wixstr6ms Beobachtungen im 
Finnischen Meerbusen (1932) hervor, dass da die Zeit des 


1) Es ist namlich nicht deutlich, ob er die Ephyren als zu Aurellia gehorig 
erkannte oder nur annahm, sie seien von der Awrellia. Er schreibt namlich 
von den Quallen selbst: ,,Von Acraspeden Medusen kommt nur Aurelia 
aurita L. in Betracht; Cyanea capillata L.. ist zu selten, um mit so kleinen Netzen 
noch gefangen zu werden’’. Nach der Behandlung der Medusen geht er dann 
ohne weiteres auf die der Ephyren tuber. 
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Ephyrenvorkommens im Mai bis Juni liegt. Er fand zahlreiche 
Ephyren von 2-9 mm Grésse am 8. Juni 1921. 

Zuletzt seien M. Sars’ Wahrnehmungen in der Nahe von Ber- 
gen (Norwegen) erwahnt. Aus seiner Beschreibung geht hervor, 
dass er am 22.-23. Marz (1837) eine Menge kleiner Medusen 
von 6-12 mm fand, die am 11.—20. April ungefahr 25 mm er- 
reicht hatten. Zugleicherzeit fand er am 11. April nicht wenige, 
deren Entwicklung nicht weiter als die der Marztiere vorge- 
schritten war. Hieraus lasst sich schliessen, dass die Ephyren 
jedenfalls im Marz abgeschniirt werden. Es ist sehr interessant, 
dass fiir die norwegische Kiiste aber auch Ephyren fiir den Herbst 
bekannt sind (BROWNE 1904, p. 31-32) und zwar aus der Um- 
gebung von Bergen aus dem September: vom 2. IX. 1898 (4 
mm), 24. [X. 1902 an zwei Stellen (1 Ex. 7 mm; 4 Ex., von denen 
3 kleine Ephyren, das vierte 10 mm). Solange keine ausfiihr- 
licheren Beobachtungen vorliegen, lasst sich nicht sagen, ob 
Aurellia sich da den ganzen Sommer hindurch fortpflanzt oder 
nur im Frihling und Herbst (vergleiche das unter Cyanea capillata 
gesagte) 1). 

Fassen wir diese Beobachtungen zusammen, so finden wir die 
Ephyren in Siid- und Westengland Januar bis April, in Holland 
wahrscheinlich Februar bis Juni, an der Kiiste Norwegens jeden- 
falls im Marz, an der Ostkiiste von Jiitland Marz oder April bis 
Juni, in der Ostsee bei Hel und im Finnischen Meerbusen im 
Mai—Juni. Das bedeutet eine deutliche Verspatung nordostwarts, 
mit der das friihe Datum fiir Ephyren an der Kiiste Norwegens 


1) Dr. P. Korrinaa, Bergen op Zoom, verbunden am Institut fiir Fische- 
reiforschung, fand am 4. XI. 1941 in der Nahe von Yerseke (Prov. Zeeland) 
strobilierende Scyphistomen auf jungen Austern des Brutfalls 1940. Nachdem 
sie etwas langer als eine Woche im Laboratorium gehalten waren, kamen 
Ephyren frei, die zur Aurellia gehérten. ,,Vielleicht hat die ziemlich hohe 
Temperatur ihre Abschniirung begiinstigt’’. Dies bedeutet wahrscheinlich, 
dass Aurellia auch in Holland im Herbst Strobilation zeigen kann, obgleich 
die Strobilation normal im Frihjahr stattfindet. Da die Medusen an der 
hollandischen Kiiste meines Wissens nicht nach Ende September gefunden 
werden, so ist es wahrscheinlich, dass diese im Herbst geborenen Ephyren 
ungiinstigen Umstanden zufolge als Regel nicht zu Medusen heranwachsen. 

J. ViERGEvER, Serooskerke, Insel Schouwen, teilt mir mit, am 5. II. 1939 
eine Aurellia-Meduse von ungefahr 8 cm Diameter an der Kiiste dieser Insel ge- 
funden zu haben. Diese mag als Ephyre spat im Herbst abgeschniirt sein. Daraus 
kénnte man folgern, dass Exemplare der Herbstgeneration dann und wann 
tatsachlich heranwachsen. 
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nicht im Widerspruch steht, da die Wassertemperatur hier relativ 
hochist. Bei Helgoland sollten die Ephyren im Dezember-Januar, 
bei Kiel von Ende Januar bis Ende April vorkommen, was einer 
allmahlichen Verspatung nordostwarts widersprechen wide. 
ich nehme an, dass, was Helgoland betrifft, eine Verwechslung 
mit Cyanea vorliegt, denn die Angaben iiber das Vorkommen der 
jungen Aurellien dort sind wohl sicher unrichtig, sich weiter 
unten. Was Kiel angeht, so ist es, wie oben gesagt, ebenfalls 
vielleicht nicht sicher, dass die Angabe richtig ist. Ich zweifle 
deshalb nicht daran, dass die Verspatung fiir das Vorkommen 
der Aurellia~-Ephyren Tatsache ist. - Im Zusammenhang damit 
ist von Interesse, dass die Ephyren dieser Art im Mittelmeer 
(Golf von Triest) im Oktober geboren werden (GrazFFE, 1884), 

Nehmen wir also die Verspatung von Siidengland (Januar— 
Marz) tber Holland (Februar—Juni) und Danemark (Marz— 
Juni) nach der Ostsee (Mai—Juni) als sicher an, so fallt die Zeit 
der Ephyrenabschniirung mit einer Wassertemperatur von unge- 
fahr 4-11° zusammen. Auch fiir diese Art muss deshalb gelten, 
dass sie in Siidengland, wo die Wassertemperatur erst in der 
letzten Dekade des Dezember unter 11 und kaum unter 8° sinkt, 
erst ziemlich spat eine fiir die Ephyrenbildung giinstige Tempe- 
ratur findet. 

Nicht die Abschniirung der Ephyren, sondern der Anfang der 
Strobilation soll eigentlich bei der Untersuchung der Periodizitat 
studiert werden. Dieser wiederum kénnte vom Zustand der 
_ Scyphistoma in den vorangegangenen Monaten abhangen und 

in dieser Weise k6énnte eine ,,innere’’ Periodizitat vorgetauscht 
werden. In dieser Hinsicht sind die Bemerkungen THILLs (1937, 
p- 92) von Interesse, der angibt, dass in den Becken des Berliner 
Aquariums die Scyphistomen im Marz zu strobilieren anfingen, 
» ohne dass die Temperatur, Fiitterung oder Belichtung geandert 
worden war; die in Frage kommenden Becken werden das ganze 
Jahr iiber bei gleicher Temperatur gehalten und nur kiinstlich 
' beleuchtet”’. Dies besagt nichts weniger als dass die Annahme, 
die Temperatur sei hier von grossem Einfluss, nicht stimmt. 
Diesen Angaben stehen aber die Mitteilungen HAcMEIERs (1930, 
P- 554) gegeniiber, nach denen die Temperatur von grossem 
Einfluss auf den Beginn der Strobilation sein mag; ,, unsere eige- 
nen diesbeziiglichen Versuche sind noch nicht abgeschlossen, 
machen es aber wahrscheinlich, dass die obere Grenze, bei der 
eine Strobilation der Nordseetiere stattfindet, etwa bei 9 bis 10° C 
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liegt. Unsere im Sommer 1928 entstandenen, unter guten Be- 

dingungen bei 13 bis 15° C gehaltenen Scyphistomakulturen 
- zeigten den Winter tiber keinerlei Neigung zur Strobilation, son- 
dern bildeten immer neue Polypen, wahrend die bei niedrigerer 
(4 bis 10° C) Temperatur gehaltenen alteren Kulturen strobi- 
lierten’’. Es fallt auf, dass die Angabe 4—10° C fiir die Strobilation 
der Aurellia-Scyphistomen gut mit unserer Schatzung 4-11° C 
als giinstige Temperatur fiir die Ephyrenbildung draussen stimmt. 
Eine Stiitze fiir Hacmerers Standpunkt bildet diese Uberein- 
stimmung natiirlich nicht, VAN DER MAApDENs Material enthalt 
aber in anderer Form eine solche Stiitze. Bei der Behandlung 
der Cyanea lamarcki wies ich schon darauf hin, dass fiir Aurellia, 
Chrysaora und Rhizostoma wahrscheinlich ist, dass die Temperatur 
die Periodizitat beeinflusst. Vergleicht man die Figur 3 VAN DER 
MaapeEns mit den Diagrammen der Meerwassertemperaturen 
fiir die niederlandischen Feuerschiffe (Fig. 2), dann findet man 
1934 eine sehr grosse Haufigkeit der Aurellia zwischen Ende Mai 
und dem 10. Juli, dann auf einmal keine mehr. Die Meerwasser- 
temperatur des Winters 193334 war sehr niedrig und man 
kénnte sich vorstellen, dass die Strobilation glatt verlief und sich 
dadurch nicht iiber eine langere Periode erstreckte. Dadurch 
ware dann die Periode der Medusen zu einem baldigen und 
abrupten Ende gekommen. 1935 war Aurellia wenig zahlreich 
und die Periode des Vorkommens erstreckte sich tiber eine sehr 
lange Zeit, bis Ende September. Die Temperatur im Winter °34— 
°35 war bis zum Mai abnormal hoch und wenn niedrige Tempe- 
ratur wirklich eine glatte Strobilation zur Folge haben sollte, so 
diirfen wir einen entgegengesetzten Einfluss des Winters °34—35 
annehmen. 1937 ahnelt im Auftreten der Medusen und was die 
Temperatur im Winter ’36—'37 anbelangt dem Jahre 1935 ein 
wenig. Die Jahre 1933 und ’36 sind sich mehr oder weniger unter 
einander gleich im ziemlich plétzlichen Verschwinden der Me- 
dusen und auch in ihren Wintertemperaturen. Die Héchstzahl 
der Medusen fiel 1933 Anfang, 1936 Ende Juni. Das spate Maxi- 
mum Ende Juni im Jahre 1936 mag mit dem relativen Tempera- 
turfall im April ’36 zusammengehangen haben. Wie dem auch 
sei, es ist wahrscheinlich, dass ein gewisser Zusammenhang zwi- 
schen der ‘Temperatur wahrend der Strobilations- oder Ephyren- 
bildungsperiode und der Zeit des Auftretens der Medusen wirk- 
lich besteht. 


Usstnes Beobachtungen scheinen darauf hinzuweisen, dass die 
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Lésung der Ephyren von Temperaturerhéhung begiinstigt wird; 
die Wahrnehmungen sind aber nicht beweisend und der Einfluss 
ausserer Einfliisse auf die Knospenbildung, Strobilation und 
Ephyrenabschniirung sollte fiir die verschiedenen Arten einmal 
gut untersucht werden. Nach CLeve (in HAGMEIER, 1930, p. 558) 
,,lasst sich die Ephyra von Aurellia noch gut bei 5° pflegen; sinkt 
die Temperatur auf 3°, so bleiben die Tiere am Leben, aber sie 
fressen nicht mehr; bei —2° sterben die Ephyren’’. 

Einige Angaben iiber die geringen Anspriiche, welche die Scy- 
phistomen von Aurellia an ihre Umgebung stellen, werden von 
HAuiscH (1933, p. 298-300) gemacht. ,, Uberhaupt ist die Wider- 
standsfahigkeit dieser Scyphopolypen ausserordentlich gross. Sie 
halten nicht nur im triiben Wasser gut aus, sondern auch kon- 
zentriert salzhaltiges Wasser scheint ihnen langere Zeit nicht all- 
zusehr zu schaden. Der obengenannte Polyp, der bereits strobi- 
lierte, hatte sich im Seewasser, das zum Schluss bis zur Halfte 
verdunstet war, etwa ein halbes Jahr aufgehalten. Danach in 
frisches Wasser gebracht, trieb er, gleich den anderen Scyphis- 
tomen, Knospen hervor. Ebenso vertragen sie betrachtliche 
Schwankungen der Temperatur und der Intensitat des Lichtes. 
Und zwar wurden die Kulturen in der ersten Zeit direkt der 
Sonne ausgesetzt, und die Temperaturen stiegen oft auf mehr als 
20°. Eine Schadigung der Kulturen trat nicht ein.” 

Gehen wir jetzt zur Behandlung der Periodizitat im Erscheinen 
der Medusen iiber, so fanden wir oben, dass die jungen Medusen 
bei Den Helder ab halb April, bei Katwijk von Anfang Mai an er- 
scheinen, dass das Maximum im Mai—Juni liegt und die letzten 
Tiere im August oder spatestens September verschwinden. 

Was Siid- und Westengland anbelangt, so kamen in Liverpool 
Bay 1894 sehr kleine Quallen (die grésste 18 mm) Ende April 
zur Beobachtung (BROWNE, 1895, p. 412). BROWNE (1906) gibt 
fir the Firth of Clyde an, dass Aurellien von 3-10 cm da 1902 
von Anfang bis Mitte Juni ziemlich zahlreich waren. Tausende 
waren am 20. Juni in einem der “Lochs” anwesend. Nach 
GarsTANG (Plymouth Marine Fauna) erscheinen die jungen Me- 
dusen bei Plymouth gegen Ende Mai, nachdem die Ephyren 
gegen Ende Marz aus dem Plankton verschwanden. Die Medusen 
sollten also zwei Monate nicht zur Beobachtung kommen. Sie 
erreichen ihre grésste Haufigkeit im Juni. Eine Zeit des Ver- 
schwindens wird nicht genannt. Bei Valencia-Harbour (Irland) 
scheint die Hauptzeit Mai bis Juli zu liegen (vgl. M. J. und M. 
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& GC. DeLap 1905 und 1907), BRowNnE (1900, p. 734) nennt die 
Medusen fiir 1898 fiir die Periode Mai bis August. 

Bei Helgoland kommt Aurellia aurita nach HARTLAUB (1896) 
ab Ende Mai und bis héchstens Mitte Juli vor, meist vereinzelt, 
zuweilen in grésserer Anzahl. Auch HAGMEIER (1930), der als 
Zeit fiir die laichreifen Quallen den ,, Juli?” angibt, nennt sie 
fir Helgoland selten. Nach THILL (p. 92) sollten die jungen Me- 
dusen da vom Januar bis Mai vorkommen, die reifen Medusen 
im Juni. Offenbar liegt hier ein Irrtum vor; Aurellia erscheint als 
Meduse wohl nirgends in der Nordsee vor dem April. — Im 
Skagerrak (AuRIVvILLIus, 1898 a und b) erscheint Aurellia als jun- 
ges Tier Anfang Mai, sie wird da wahrgenommen bis in den 
Januar. — Ussincs Angaben fiir Mariager Fjord (Ostjiitland, 
Salinitat + 15°/»9) besagen, dass die jungen Aurellien von 10-15 
mm von Anfang Mai an zu finden sind. Ihre Gréssenzunahme 
wurde oben schon erwahnt. Im August sind noch nur wenige 
reif, im September fangen die Planulae sich in den Armen zu 
entwickeln an. Im Oktober gibt es zahlreiche Medusen von 4-9 
cm mit vollentwickelten Planulae in den Armen, im November 
zahlreiche tote und sterbende Aurellien, bis 12 cm gross. Sogar 
im Januar (den 1. Januar 1923) wurden einige mittelgrosse 
‘lebende Aurellias beobachtet, teilweise defekt. Am 18. Marz 
(1923) schliesslich wurde ein mittelgrosses Tier gefunden, das 
nach Ussinc iiberwintert hatte. - Kramp (1915, p. 20) nennt 
einige wenige sehr junge Tiere, nahe am Boden in der Nahe von 
Spodsberg (Kattegat) im April gefunden. — LoHMANN sagt, dass 
die ersten kleinen Aurellien yon 1-2 cm Durchmesser bei Kiel 
von Anfang Mai an gefunden werden. Neben den grossen Tieren 
von bis 20 cm findet er aber sogar Ende Juli noch kleine von 
1-10 cm Durchmesser. Er gibt eine Tabelle der Anzahlen Pla- 
nulalarven im Jahre 1905. Die ersten erschienen im Juli, die 
letzten verschwanden Anfang November, das Maximum lag im 
August und September. Die ersten Planulae erschienen zugleich 
mit den geschlechtsreifen Tieren, es besteht also kein Zweifel 
iiber ihre Identitat.— Aus einer Mitteilung von Méstus (1880) geht 
hervor, dass Aurellia auch bei Kiel bis spat in den Winter hinein 
gefunden wird, denn Mésrus fand am 21. Dezember (1879) im 
Eis eingefrorene Exemplare, die wahrscheinlich in der Nacht 
vom 19. auf den 20. eingefroren waren. — Nach Bocuckr er- 
scheinen bei Hel die kleinen Medusen von ungefahr 1 cm erst 
im Juli, um dann bis Ende August heranzuwachsen und zu reifen. 
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Planulae gibt es da nach ihm in den Monaten September— 
November. — Schliesslich gibt Wixsrr6m (1932) fiir die Scharen 
von SW-Finnland das Erscheinen der kleinen Medusen fiir An- 
fang Juli an. Erwachsene Tiere kommen erst im August vor, aber 
sogar dann gibt es noch (offenbar viele) Tiere van 1.5—3 cm. Es 
wird nicht angegeben, wann die letzten Tiere verschwinden. — 
Es sei noch hinzugefiigt, dass auch an der schottischen Kiiste 
Aurellia einmal im Winter (Januar) gefunden wurde (KRUMBACH 
1925, p. 653). Weiter geht aus dem Vorkommen von Ephyren 
an der norwegischen Kiiste im September hervor (sieh oben), 
dass auch da die Medusen sich wahrscheinlich noch bis spat im 
Jahr vorfinden mégen. 

Diese Angaben wiederum zusammenfassend finden wir eine 
deutliche Verspatung im Auftreten der Medusen von Aurellia von 
Siid nach Nord. Die Tiere erscheinen im Norden spater, werden 
da spater geschlechtsreif und verschwinden spater. Genau wie 
bei Cyanea capillata werden an den noérdlichen Fundorten einige 
Tiere bis spat in den Winter hinein wahrgenommen, einzelne 
Stiicke scheinen sogar den Winter hindurch am Leben bleiben 
zu kénnen. Wahrend nun bei einer Anzahl Fische dieses spatere 
Vorkommen im nordlichen Teil der Nordsee dem siidlichen 
gegentiber von den héheren Temperaturen des tieferen Wassers 
spat im Jahr erméglicht wird, begegnen wir in Aurellia einer Art, 
die an Brackwasser in Kiistennahe, besonders an Flussmiindun- 
gen u.s.w., gebunden ist, wo im Winter so extrem niedrige Tem- 
peraturen vorkommen, dass die Tiere teilweise einfrieren. Das 
spate Vorkommen im Norden ist also sicher kein Vorteil fiir die 
Medusen, wie bei den obengenannten Fischen, sondern nur not- 
wendige Folge davon, dass die Medusengeneration so spat endet. 
Wahrend also das spate Vorkommen im Norden sowohl von 
Fischen wie von Medusen von der Verschiebung der Jahreszeiten 
verursacht wird, steht es fiir die Fische so, dass die hohen Tem- 
peraturen des tieferen Wassers, die gerade im Spatherbst erreicht 
werden, giinstig zum Aufenthalt bis tief in den Winter hinein 
sind, fiir Awrellia aber so, dass sie ihrer spaten Entwicklung wegen 
gezwungen wird bei zu niedrigen Temperaturen zu leben. In 
diesem Zusammenhang ist von Interesse, dass die Meduse von 
Aurellia im Mittelmeer (Golf von Triest) in den Monaten Februar 
bis Mai (sehr selten Juni) vorkommt; reife Eier und ausschliip- 
fende Planulae sind da Marz bis Juni zu finden (GRAEFFE 
1884). 
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Obiges gilt genau so fiir Nordamerika, wovon BicELow (1928, p. 364) 
folgendes schreibt. 

“In the northern part of its range one generation of Aurelia is produced 
each year, the winter being passed in the Scyphostoma stage, and the young 
medusae appearing later and later in the season from south to north, corres- 
ponding to the difference in temperature of the water with the latitude. 
Thus Bumpus (1898 and. 1898a), Hargitt (1905 and 1g05a), and Fish (1925) 
have found both the ephyrae and the slightly older medusae near Woods 
Hole from March to May. Many have grown to a diameter of 1 to 2 inches 
there by April (Mead, 1898) and to 4 to 5 inches by mid May, but few if 
any appear in Massachusetts Bay before May (we found none there during 
that month in 1915 or in 1920), and it is not until July that they attain their 
full size of 6 to 10 inches north of Cape Cod.”’ 

‘“According to Louis Agassiz (1862, p. 76), the Aurelia off Massachusetts 
become sexually mature late in July and through August, which I can 
corroborate, having found the mouth arms of all large adults examined at 
that season laden with developing eggs and planulae. No doubt they continue 
producing young from that time onward, through September and October, 
until they are destroyed by the autumn gales, which seems to be their normal 
fate. According to Mayer (1910), Aurelia does not mature until September 
in the Eastport region, but I have never seen nor heard of one in the Gulf 
of Maine after October. 

“It is probable that the breeding season of Aurelia and the seasonal 
succession of its generations are not so definite in the warmer parts of its 
range, for I have seen large specimens in April in Santiago Bay, Cuba 
(according to Mayer (1910) Aurelia matures in May at Tortugas, Fla), 
_ others collected in Barataria Bay, La., during the last week in September, 
and half-grown individuals taken in the Indian River, Fla., as late as the 
second week of December.’’ 


Wir stellten oben fest, dass bei Cyanea eine lange Zeit zwischen 
der Abschniirung der Ephyren und ihrem ersten zahlreichen 
Erscheinen vergeht. Gleiches, obgleich in geringerem Masse, gilt 
fiir Aurellia. In Plymouth verschwinden nach Garstane (Ply- 
mouth Marine Fauna) die Ephyren gegen Ende Marz, wahrend 
die jungen Medusen erst Ende Mai erscheinen. Sogar wenn dieses 
Datum zu spat angesetzt sein sollte, so bliebe dennoch ein ge- 
wisser Zeitunterschied zwischen beiden Erscheinungen 2). An der 
hollandischen Kiiste erscheinen die Aurellias in grésserer Zahl ab 
Anfang Mai und es kommen dann auf einmal, genau wie bei 
Cyanea, grosse und kleine Tiere durcheinander vor (am gg. IV. 
1936 und 8. V. 1934: 5 bis 20 oder 25 cm Diameter). Die grossen 
Tiere sind (vergleiche oben) drei Monate alt und sie miissen also 
Anfang Februar als Ephyren entstanden sein. Es besteht deshalb, 


1) Dem widerspricht, dass bei Port Erin 1894 sehr kleine Quallen (bis 
18 mm gross) Ende April zur Beobachtung kamen (BRowneE, 1895, Pp. 412). 
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genau wie bei Cyanea, ein Intermezzo von bis ungefahr zwei Mo- 
naten zwischen der Entstehung der ersten Medusen aus Ephyren 
und der Erscheinung dieser Medusen im Plankton +). — Fiir 
Mariagerfjord sollte eine solche Zwischenzeit kaum bestehen, 
denn die Ephyren erscheinen Ussincs Angaben zufolge so spat, 
dass die Medusen ihnen sozusagen gleich folgen. Wenn die Ephy- 
ren da aber statt im April im Marz erscheinen, was wahrschein- 
licher ist, so betragt die Zwischenzeit zwischen der Bildung von 
Quallen aus Ephyren und dem Erscheinen der Quallen ungefahr 
einen Monat. Falls Lonmanns Angaben fiir Kiel richtig sind, 
betragt die betreffende Zwischenzeit da zwei Monate. Bei Hel 
sollte sie, nach den Angaben Bocuckis, wiederum einen Monat 
betragen. Schliesslich sind WixsTr6ms Beobachtungen (1936) von 
grossem Interesse. ,,Gewohnlich erscheinen Quallen in den ober- 
flachlichen Wasserschichten von Hanga erst Ende Juli und sind 
dabei etwa halberwachsen (40-50 mm); so verhalt es sich tiber- 
haupt in den inneren Scharen, wohin Tiere aus den Ausseren 
Scharen gegen Ende des Sommers kommen. Eine zufallige Be- 
obachtung grosser Mengen von kleinen Quallen (7,5-33 mm) 
zwischen dem 5-7. Juli 1933 gab Anlass zu der Vermutung, dass 
solche in den tieferen Wasserschichten schon im Vorsommer vor- 
kamen. Das wurde im Sommer 1934 bestatigt, wo ich mit einem 
in verschiedene Tiefen versenkbaren Planktonnetz nahe am 
Boden an allen untersuchten Stellen zahlreiche Quallen in den 
jiangsten Entwicklungsstadien erhielt, obgleich in den oberflach- 
lichen Schichten keine Quallen zu sehen waren. Zwischen 27.6 
und 2.7 wurden in einer Tiefe von 8-20 m in fiinf Netzfangen 
21,17, 13, 20 resp. 182 Individuen gefunden, die meist 1.5-5 mm 
gross und somit nahe an dem Ephyra-Stadium waren. Nach dem 
2.7 konnten dann nur noch einzelne Individuen gefangen werden. 
Ende Juli erschienen wie friither die halberwachsenen Quallen 
von 40 mm und dariiber.’’ WixsTROM untersuchte dann weiter, 
ob an denselben Stellen bei Hanga (die Aussenscharenkarakter 
haben) auch Scyphopolypen vorkamen; er fand diese wirklich. 
Er nimmt dann an, dass der in Bodennahe hohere Salzgehalt die 
jungen Tiere unten halt. Dies mag fiir dort zutreffen, da ein 
solcher Salzgehaltsunterschied aber an anderen Stellen (zum 
Beispiel an der hollandischen Kiiste) sicher keine Rolle spielt, 


1) Wir diirfen fiir das Heranwachsen der Ephyren, bis sie in Medusen von 
to mm Diameter metamorphosieren, ungefahr einen Monat rechnen. 
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scheint es wahrscheinlicher, dass die jungen Medusen auch einer 
anderen Ursache wegen so lange unten bleiben kénnen. 

Genau wie fiir Cyanea lamarckii habe ich nun auch fiir Aurellia 
versucht ausfindig zu machen, welcher dieser Faktor sein kénnte. 
Dabei lag es, nach dem was fiir Cyanea gefunden war, auf der 
Hand, einen Zusammenhang mit Temperatursteigungen zu er- 
warten. Es stellte sich aber heraus, dass das Bestehen eines solchen 
Zusammenhangs nicht zu beweisen war, im Gegenteil, er schien 
ganz zu fehlen; kein einziges Mal fallt eine Aurellia-Zunahme mit 
einer plotzlichen Temperatursteigung (Fig. 2) zusammen. VAN DER 
MaabeEN kommt zum Schluss, dass hohe Aurellia-Maxima, statt 
wie bei Cyanea bei westlichen Winden, besonders bei nérdlichen 
Winden vorkommen. Und er fiigt hinzu: ,, Im Gegensatz zu dem, 
was wir fiir Cyanea finden, braucht nicht erst eine Periode sch6nen 
Wetters mit dstlichem Wind der Haufigkeit voran zu gehen’’. 
Unser Fund, dass Aurellia nicht nach Temperatursteigung zahl- 
reich wird, stimmt also mit VAN DER MAApDENs Angaben, nach 
denen Aurellia nicht nach sch6nem Wetter mit Ostwind zahlreich 
auftritt. Ich habe mich nun gefragt was woh] der Zusammenhang 
zwischen Wind und Anschwemmen sein diirfte. Denn VAN DER 
Maapvens Beobachtungen lassen keinen Zweifel dariiber be- 
stehen, dass Auwrellia viel mehr bei nérdlichen als westlichen 
Winden angeschwemmt wird, obgleich beide das Oberflachen- 
wasser nach der Kiiste treiben. Der Zusammenhang zwischen 
Anschwimmen und Wind bei Cyanea ist vermutlich ein ganz indi- 
rekter. Die Art wird zahlreich bei einer Temperaturerhéhung 
und ,,Seewind”’ bringt nun die Tiere ans Land. Dreht der Wind 
von Ost durch Siid nach West, so kénnte die grosse Mehrzahl 
angeschwemmt werden bevor Nord erreicht ist und so kénnte 
der grosse Einfluss westlicher Winde entstehen. Ausserdem 
kénnte Nordwind durch Abkiihlung das Sinken der Cyaneas be- 
wirken und so dem Anschwimmen entgegenarbeiten. Dreht der 
Wind von Siidost nach Nord, so wird es meist kalter und dies 
kénnte wiederum das Anschwimmen verhindern. Méglicher- 
weise kommt hinzu, dass der Wind im Mai und im Juni meist 
mit der Uhr dreht, so dass die Westwinde dadurch mehr Einfluss 
als die Nordwinde ausiiben kénnen? Wenn wir nun versuchen 
diese Méglichkeit auf Aurellia anzuwenden, so ware es also még- 
lich, dass nérdliche Winde dadurch Effekt haben, dass Aurellia 
statt auf ‘Temperatursteigung auf Temperaturfall reagiert. Nord- 
liche Winde gehen fast immer mit Abnahme der Lufttemperatur 
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zusammen. Dadurch kiihlt das Oberflachenwasser ab. Es sinkt 
und verursacht einen Temperaturfall in Bodennahe. Es ist auf- 
fallend, wie gross im Winter der Einfluss fallender Temperaturen 
auf Tiere (wenigstens Fische) in Bodennahe sein kann und wie 
schnell er wirkt. Fiir die Méglichkeit, dass Temperaturfall 
Aurellia herauf bringt, spricht noch eine andere Tatsache. Van 
DER MAADEns Wahrnehmungen enthalten einige sehr auffallende 
Beispiele von massalem Anschwimmen bei Ostwind. Solche 
Beispiele, die eigentlich fiir Cyanea ganz fehlen, besagen, dass 
Aurellia auch in grosser Zahl von dem Bodenstrom ange- 
schwemmt werden kann und VAN DER MAADEN besitzt denn auch 
einige Beobachtungen, die darauf hinweisen, dass das Ober- 
flachenwasser bei solcher Gelegenheit wenig Aurellien enthalt. 
Wenn nun Temperaturfall Auwrellia an die Oberflache bringen 
sollte, so k6nnte Temperatursteigung (die meistens bei Ostwind 
auftritt) gerade den umgekehrten Effekt haben und die Tiere 
unten halten, so dass der bei Landwind bestehende Bodenstrom 
sie nach der Kiiste fiihren konnte. — Es sei sofort hinzugefiigt, 
dass spater in der Saison auch Chrysaora und besonders Rhizo- 
stoma mit SO Wind angeschwemmt werden (Rhizostoma sogar 
viel). Meiner Meinung nach ist der Grund dafiir aber an erster 
Stelle dieser, dass diese Tiere bei uns, wenn sie bis in den Herbst 
hinein vorkommen, gezwungen sind in zu kaltem Wasser zu 
verbleiben und deshalb sterben und sinken. 

Die Schwierigkeit in der Annahme, dass Aurellia auf Tempera- 
turfall reagiert, liegt aber darin, dass die Art erst ziemlich spat 
im Friihjahr ,,erscheint’’. Wie C'yanea vermutlich nur auf Tem- 
peratursteigung tber einer gewissen Minimumtempe- 
ratur reagiert, so miissen wir also auch fiir Aurellia annehmen, 
dass eine gewisse Hohe der Temperatur notig ist um die Tiere 
an die Oberflache zu bringen. Es wiirde also Temperaturfall 
erst dann von Einfluss sein, nachdem eine gewisse Temperatur- 
hohe erreicht worden ist. An sich ist das gar nicht unmoglich, 
die Annahme liegt indessen auch nicht auf der Hand. 


Ich habe mich vergebens bemiiht einen Zusammenhang zwischen dem 
Anschwimmen bei nérdlichen resp. 6stlichen Winden und der Salinitat des 
Wassers zu finden. Aurellia ist, wie gesagt, eine ausgesprochene Kiistenform, 
die im Brackwasser zu Hause ist. An der hollandischen Kiuste, wo der 
Einfluss der ins Meer ausstr6menden Fliisse sehr gross ist, erhOhen S bis W 
Winde die Oberflachensalinitat, weil sie Wasser hoher Salinitat nach der 
Kiiste treiben, wo es sich mit dem Flusswasser vermischt. Als Reaktion 
darauf kénnten die Aurellien unten bleiben. N bis O Winde wiirden den 
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umgekehrten Effekt haben. Ich kann aber kaum annehmen, dass dieser 
Umstand eine Rolle spielt, erstens weil die Salinitatsunterschiede gering sind, 
zweitens weil wir doch nicht ohne Temperatureinfluss auf das Erscheinen 
der Quallen auskommen. 


Oben kamen die Unterscbiede zwischen verschiedenen Jahren 
schon zur Sprache, wenn sie dazu benutzt wurden einen Einfluss 
der Temperatur auf die Strobilation wahrscheinlich zu machen. 
Diese Unterschiede seien jetzt noch an und fiir sich besprochen. 
Sie beziehen sich auf die Zeit und auf die Zahlen. 

Was die Zeit des Erscheinens anbelangt, so sind die Unter- 
schiede von Jahr zu Jahr so gering, dass man sich fragt ob sie — 
in Anbetracht der Beobachtungsmethode — beweisend sind. 
1935 und ’36 aber wurden die ersten Aurellien bei Katwijk am 
2. und 3. Mai angeschwemmt, 1933 am 16., °37 am 21. Zusam- 
menhang zwischen der Erscheinungszeit und der Temperatur 
ware begreiflich, da die Temperatur sowohl den Anfang der 
Strobilation wie wahrscheinlich das Heraufkommen der Quallen 
beeinflusst. 


Fur die Hydromedusen findet Kramp (1927, p. 222-223) denn auch das 
Bestehen einiger Variation im Auftreten von Jahr zu Jahr, “in many cases 
exhibiting actual correlation with the temperature of the water”. “Only in the 
case of a few species is our material sufficiently representative to permit of 
a more or less reliable comparison between the different years; and mostly 
among the smaller forms, which can be taken in great numbers in the vertical 
hauls from the lightships; even with these species, however, there is the 
serious defect that the collections from Schultz’s Grund lightship were not 
continuous. As a general rule we may say (see Special Section) that the 
period of occurrence of the medusae in the plankton varies most among 
these species which make their first appearance in winter or early spring 
(Hybocodon, Rathkea, Sarsia tubulosa), whereas those which appear about 
midsummer keep very nearly to the same time every year (Purena gemmifera, 
Euphysa aurata, Lizzia blondina).’’ Es sei beilaufig bemerkt dass gleiches fiir 
die Ankunftszeiten unserer Zugvégel (besonders der Singvégel) im Frith- 
ling gilt. 


Versuche ich nun aber das friihere oder spatere Erscheinen 
von Aurellia mit der Temperatur der Erscheinungstage (Fig. 2) zu 
korrelieren, so finde ich eigentlich keinen Zusammenhang, denn 
1933 und °35 ist der Anfang Mai etwas warmer als normal, °34 
normal, *36 zu kalt, ’37 fast normal. Vielleicht spielt hier also 
doch das Unzureichende der Beobachtungsmethode elniger- 
massen eine Rolle, so mag 1937 nur spit aussehen, weil die Zahl 
der Medusen in diesem Jahr klein ist; dies erklart aber wahr- 
scheinlich nicht alles. - Ich habe auch versucht das Erscheinen 
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der Medusen mit der Temperatur in der Zeit der Strobilation 
zu korrelieren, dies ist aber kaum méglich, weil der Anfang der 
Strobilation zu wenig genau bekannt ist. In Anbetracht der 
Tatsache, dass die Medusen nicht gleich nach der Metamorphose 
erscheinen, ist aber ausserdem unwahrscheinlich, dass der An- 
fang der Strobilation in der Erscheinungszeit der Medusen zum 
Ausdruck kommt. 

_ Was die Zeit des Verschwindens anbelangt, so liegt als Grund 
fiir sie ein Einfluss der Temperatur auf die Strobilationsperiode, 
wie sie oben schon zur Sprache kam, auf der Hand, weil die 
Zwischenzeit, in der die Medusen im Frithling am Boden liegen 
sollten, auf das Verschwinden der Medusen im Herbst nicht 
stérend wirken kann. Es wurde schon darauf hingewiesen, dass 
ein gewisser Zusammenhang besteht zwischen der grossen Hau- 
figkeit im Juni 1934 und dem frithen Verschwinden in diesem 
Jahr und zwischen der geringen Haufigkeit im Mai ’35 und dem 
gedehnten Vorkommen in diesem Jahr. Offenbar verlauft die 
Strobilation eben glatt oder nicht glatt. Fiir Cyanea lamarckii 
wies ich darauf hin, dass es in der letzten Dekade des Juli 1936 
einen Tag mit 14.000 Stiick pro km gab, dann im weiteren Verlauf 
des Sommers fast keine mehr. Das lasst sich jetzt in derselben Weise 
erklaren: die Strobilation verlief glatt und ergab dadurch sehr viele 
Medusen, aber nur fiir sehr kurze Zeit. Man bekommt den 
Eindruck, dass giinstige Verhaltnisse auf einmal alle Scyphisto- 
men zur Strobilation und Ephyrenbildung bringen kénnen, wo- 
durch spatere Ephyrenbildung ausbleibt und die Quallen frih 
verschwinden. Anderseits sollten ungiinstige Umstande einer 
massalen Bildung von Ephyren entgegen arbeiten, spatere Ephy- 
renbildung bliebe dadurch nicht aus und die Periode des Vor- 
kommens ware eine gedehnte. Eine Stiitze fiir diesen Gesichts- 
punkt ist, dass ich zu ihm kam unabhangig von Kramp (1927, 
p- 223), der fiir die Hydromedusen zu einer gleichen Annahme 
kommt. “As regards disappearance of the stock, all species vary 
considerably. In the case of the gemmiferous forms it would 
seem as if the stock disappeared earlier when the temperature 
is higher, gemmation then proceeding more briskly; and there 
must presumably be some limit to the number of generations 
' which can be produced”. Weiter findet man eine ahnliche Er- 
klarung fiir die lange Fortpflanzungsperiode verschiedener 
Fische im Jahre 1924 dem Jahre 1925 gegeniiber bei RussELL 
(1926 a, p. III). 
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Wie bei Cyanea lamarckii bestehen auch Unterschiede in der 
Haufigkeit der Medusen in verschiedenen Jahren. Die Figuren 2 u. 
3 VAN DER MAADENs zeigen, dass, wahrend Cyanea lamarckit 1935 
zahlreich, Aurellia in diesem Jahr gerade sehr wenig zahlreich 
war. Aurellia war sehr zahlreich im Jahre 1934, Cyanea war dieses 
Jahr dagegen wenig zahlreich. Auch die anderen Jahre sind mit 
diesem entgegengesetzten Verhalten nicht im Widerspruch, nur 
1937 hatte wenig Cyanea wie Aurellia. Bei Cyanea wies ich auf 
einen eventuellen Zusammenhang zwischen ihrer Haufigkeit im 
Jahre 1935 und den hohen Temperaturen im Winter 1934-35 
hin. Dieser Zusammenhang kann also fiir Aurellia nicht bestehen, 
man kénnte im Gegenteil annehmen, dass die ziemlich niedrigen 
Temperaturen des Winters 1933-34 mit ihrer Haufigkeit im 
Jahre 1934 und die hohe Temperatur des Winters *34—35 mit 
ihrer geringen Haufigkeit im Jahre °35 zu schaffen haben. Ob- 
gleich zwei solcher Falle wenig beweisen, ware dieser grosse 
Unterschied Cyanea gegeniiber nicht unméglich, da schon der 
Zusammenhang Temperatur-Strobilation auf die Giinstigkeit 
niedriger Temperaturen fiir Aurellia hinwies. Unsere Annahme 
betreffs Cyanea, dass eine bestimmte Temperatur in erster Linie 
die Knospenbildung giinstig beeinflussen kénnte und dadurch 
die Zahl der Medusen, kann fiir Awrellia, was die niedrigen Tem- 
peraturen anbelangt, nicht zutreffen. Zwar scheint bei ihr die 
Knospenbildung sehr ausgiebig zu sein (vgl. M. J. DELaAP. 1907, 
p- 22-23, HAGMEIER, 1930, p. 553, HauiscH, 1933), nach Hac- 
MEIERS Beobachtungen findet sie aber besonders im Herbst, iiber 
10° Q, statt. Wir miissen also wohl annehmen, dass es allererst 
der Einfluss der niedrigen Temperatur auf die Strobilation ist, 
die die hohen Zahlen der Medusen verursacht. Die Méglichkeit, 
dass daneben die niedrige Temperatur giinstig auf die Nahrangs- 
menge oder ungiinstig auf die Feinde von Aurellia wirken wiirde, 
ware natiirlich ‘nicht “auuaz ch HESben 


4. Chrysaora hysoscella (L.) 


Die Chrysaora-Beobachtungen fiir Den Helder wiesen aus, dass 
diese Qualle Mitte (walirscheinlich 1. Halfte) Juni erscheint. 
Gréssere Anzahlen kommen schon in der 2. Junihalfte vor, aber 
diese beziehen sich alle auf Tiefenfange. Obgleich damit nicht ~ 
gesagt sein soll, dass die Tiere an der Oberflache wirklich fehlten, 
kénnte ein relativ haufigeres Vorkommen in tieferen Schichten 
der Grund sein, weshalb die Art bei Katwijk im Juni selten 


DIE PERIODIZITAT IM AUFTRETEN, USW. 4II 


ist. VAN DER MAADEN hat namlich nur 2 Juni-Stiicke: eins von 
2 cm vom 1. Juni 1935, noch im Pelagia-Stadium, und ein 
zweites (von 15 cm Durchmesser) vom 20. Juni 1936. Wahrend 
Chrysaora aber offenbar bei Den Helder im Juli ziemlich viel vor- 
kommt, auch an der Oberflache, hat v. p. MAADEN nur Juli-Tiere 
im Jahre 1937, sonst hat er keine vor dem 8. August. Dies mag 
darauf hinweisen, dass die Art bei Katwijk tiberhaupt spater zu 
erscheinen anfangt. Der eventuelle Grund hierfiir kommt unten 
zur Sprache. — Nach den Wahrnehmungen bei Katwijk liegt die 
Hauptzeit des Auftretens von Chrysaora im August-Oktober, aber 
1935 kamen keine Tiere nach Ende September zur Beobachtung. 
Dagegen wurden 1933,°34 und ’37 noch einige bis ziemlich viele 
Tiere im November und 33 und ’34.sogar mehrere im Dezember 
(bis zum 7. des Monats) beobachtet, vergleiche VAN DER 
Maavens Fig. 4. In Den Helder kamen Oktober-Funde nur 
1932 vor, der spateste Fund ist der 24. November 1933; obgleich 
negative Daten nicht allzuviel beweisen, ist es nicht ausgeschlos- 
sen, dass die Art bei Den Helder nicht nur friiher anfangt, 
sondern auch friiher verschwindet als bei Katwijk. 

Diese Zusammenfassung zeigt, dass Chrysaora bei Katwijk friih 
anfing im Jahre 1937, spat verschwand besonders 1933 und ’34, 
wahrend sie bei Den Helder wahrscheinlich spat verschwand in 
den Jahren °32, ’33 und 734; die betreffenden Beobachtungen 
sind indessen wohl sehr unvollstandig. 

Wie gesagt gibt es in der Regel in Katwijk keine Chrysaoren 
vor dem August. Kleine und grosse kommen dann zusammen 
zur Beobachtung. Nach dem was wir fiir die anderen Arten 
fanden, scheint es selbstverstandlich, dass die Tiere sich bis so 
lange unten, am Boden, aufhielten. Die Juli-Tiere, die nur in 
einem Jahr in Katwijk zur Beobachtung kamen, waren gross 
(sogar auffallend gross) und auch fiir diese ware anzunehmen, 
dass sie sich bis zu der Zeit unten aufhielten. Gleiches gilt fiir 
eins der zwei Juni-Stiicke. — Das Alles stimmt aber gar nicht, 
wenn wir auf Den Helder achten. Da erscheinen die Chrysaoren 
viel friiher, schon Mitte Juni oder jedenfalls Anfang Juli, auch 
an der Oberflache. Und da der Temperatur-Unterschied zwi- 
schen Katwijk und dort sehr gering sein muss, fragt man sich 
weshalb die Quallen, wenn sie wirklich anwesend sein sollten, 
nicht auch in Katwijk friiher die Oberflache aufsuchen. Eine 
andere Méglichkeit ware denn auch, dass sie wirklich bis zum 
August bei Katwijk fehlen, auch am Boden. Dies ware dann so 
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zu erklaren, dass sie bei Katwijk, im Gegensatz zu Den Helder, 
nicht entstehen und erst von anderswo her Katwijk erreichen. 
Da die Eigenbewegung der Quallen gering ist, kame dabei nur 
ein passiver Transport in Frage. Und da die allgemeine Wasser- 
bewegung an der hollandischen Kiiste entlang nordwarts ge- 
richtet ist, konnten sie praktisch nur aus dem Siiden kommen. 
Der auffallende Unterschied zwischen Katwijk und Den Helder 
ware also so zu erklaren, dass, wahrend Katwik seine Medusen 
aus dem Sitiden bekommt, die Umgebung von Den Helder sie 
selbst liefert. Ein solcher Unterschied ware gar nicht unméglich 
in Anbetracht der Tatsache, dass die Umgebung von Den 
Helder durch ihren Reichtum an Stein und Holz (Deiche, Hafen- 
werke, u.s.w.) einen grossen Reichtum an Coelenteraten, wie 
Actinien, Hydrozoen und festsitzenden Tieren tiberhaupt, auf- 
weist, wahrend der flache Sandboden zu Katwijk festsitzenden 
Tieren keine brauchbare Unterlage bietet. Weiter sind bei Den 
Helder viel gréssere Tiefen anwesend als bei Katwijk und — 
wenn das fiir die Polypengeneration von Wert sein sollte — auch 
die Variabilitat in der Bodenstruktur (abgesehen von der An- 
wesenheit von Hafenwerken, u.s.w.: Reichtum an Schlamm, 
Diluvialsteine, Muschelbanke) ist bei Den Helder eine viel 
gréssere. — Natiirlich kénnten diese Vorteile von Den Helder 
Katwijk gegeniiber ebensogut fiir die Polypengeneration von 
Cyanea und Aurellia gelten, offenbar ist das aber nicht der Fall, 
denn nichts im Auftreten dieser beiden Arten weist auf Unter- 
schiede zwischen beiden Lokalitaten hin, ausser dem eventuell 
fritheren Erscheinen von Aurellia bei Den Helder, wo die Art im 
grossen Brackwassergebiet der Umgebung zahlreicher sein mag 
als bei Katwijk. 


Auch fiir Chrysaora kennen wir die Wachstumsgeschwindigkeit durch Be- 
obachtungen von Fraulein Detar (1901). Sie fand folgende Gréssenzunahme 
fir ein Tier, dessen Aufzucht ausserordentlich schén gelang. 


Datum Anzahl Tage Grésse in cm 

3.-4. April Ephyren (2 mm) gelést 
22. April 18 1.3 
16. Mai 2 3.8 
22. Mai 48 6.3 

4. Juni 61 9.4 (Farbe erscheint) 
21. Juni 78 16.2 


8. Juli 95 20.5 
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Das bedeutet, dass eine Grésse von + 10 mm in vielleicht gut 2 Wochen 
erreicht wurde und dass das Tier einen Durchschnitt von 22.5 cm erreichte 
in ungefahr 3 Monaten. Letzteres fanden wir auch fiir Aurellia. Eine Grésse 
von + 10 mm wurde aber bei Cyanea und Aurellia in ungefahr 4 Wochen 
erreicht, Chrysaora wuchs also in der ersten Zeit sehr viel schneller als diese, 
was teilweise der h6heren Temperatur (im Mai und Juni 15~-17° C) zu- 
zuschreiben gewesen sein mag. 

Das grésste Juni-Tier von VAN DER MAADEN (vom 20. IV. 
1936) mass ungefahr 15 cm. Das besagt, dass dieses Tier zwei 
bis drei Monate alt war und es mag also zwischen Mitte Marz 
und Mitte April als Ephyre entstanden sein. VAN DER MAADEN 
beschreibt ausfiihrlich die Grésse der Tiere, die er 1937 im Juli 
fand (15.-21. VII.). Diese waren auffallend gross: ,, Die Schirm-. 
breite der meisten Exemplare war iiber 20 und mehrere Exem- 
plare erreichten sogar eine Breite von ungefahr 30 cm’’. Es ist 
anzunehmen, dass diese Tiere mindestens drei Monate alt, also 
spatestens um Mitte April als Ephyren abgeschniirt waren. Das 
Tier VAN DER MAADENs im Pelagiastadium, vom 1. Juni 1937, 
das einzige kleine Tier, das VAN DER MAADEN vor dem August 
fand, mag einen Monat alt gewesen und Anfang Mai geboren 
sein. — Daneben wurden in Katwik zahlreiche junge Tiere bis 
in den Oktober, einige sogar bis in den November hinein ge- 
funden und es ist gewissermassen auffallend wie viel kleine Tiere 
gerade im Herbst (September—Oktober) gefunden wurden. Da 
diese Tiere nicht viel grésser als 2-3 cm waren, miissen viele 
Ephyren erst im Spatsommer, Juli bis September, abgeschniirt 
worden sein. Das ergabe fiir die Medusen von Katwijk also eine 
Geburtsperiode von April bis September. 

_ Bei Den Helder kommt Chrysaora ziemlich viel in der zweiten 
Junihalfte und im Juli vor und ich glaube nicht nur in der 
Tiefe, sondern auch an der Oberflache. Wenigstens war die 
Art Anfang Juli 1932 in grosser Zahl im Oberflachenwasser des 
Nieuwediep zu finden. Ich habe seinerzeit leider keine Masse 
notiert, aber soviel ich mich entsinnen kann, war ein grosser 
Teil dieser Tiere klein, vielleicht nicht Alter als einen bis zwei 
Monate. Diese waren also im Mai bis Anfang Juni geboren. Bis 
wie gross die grésseren unter diesen friihen Tieren waren, kann 
ich mich nicht entsinnen. Sie miissen aber mindestens zwei Mo- 
nate alt gewesen und also Anfang April geboren sein. Genau wie 
bei Katwijk sind unter den spaten Tieren von Den Helder kleine 
wahrscheinlich relativ stark in der Mehrzahl, wenigstens waren 
die meisten Oktobertiere von 1932 klein und sogar am 24. No- 
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vember ’33 wurde, ausser einem Tiere von 15 cm, noch eins von 
5 cm gefunden. So ein Tier ist wahrscheinlich im September 
entstanden. Auch die Wahrnehmungen fiir Den Helder weisen 
also auf eine Geburtsperiode von (Anfang) April (vielleicht 
friiher) bis September hin. Daraus geht hervor, dass die Ephyren 
spater als bei Cyanea und Aurellia abgeschniirt werden, denn die 
von Cyanea lamarckit entstehen vom Januar bis in die zweite 
Halfte von Juni, die von Aurellia Februar bis Juni. 

In Valencia Harbour kommen die Medusen der Chrysaora, nach 
den Beobachtungen Brownes (1900) und M. & C. Dears (1905 
und 1907) vom Mai an vor; sie sind offenbar am allgemeinsten 
(obgleich unregelmassig in ihrem Auftreten) im Juni und Juli, 
werden einige Male fiir den August erwahnt, nicht fiir den Sep- 
tember, und nur einmal fiir den Oktober (10. X. 1905). Alle im 
‘Mai beobachteten Tiere sind jung, von 2 cm ab aufwarts, solche 
Tiere waren besonders zahlreich Ende Mai und Anfang Juni 
1902, das friiheste Datum war der 7. Mai (M. & C. DELap, 1907, 
p- 4. und 13). Grosse Stiicke erscheinen von Mitte Juni an. Diese 
Beobachtungen zeigen, dass die Ephyren von Anfang April an 
frei kommen, wie auch Scyphistomen im Aquarium Anfang 
April Ephyren abgaben. — Fiir the Isle of Man (Moore, 1937) 
scheint Chrysaora nicht festgestellt zu sein, aber nach BYERLEY 
kommt sie bei Liverpool, und zwar in den Monaten Juli und 
August, selten vor, und WALTER nennt sie da “frequently very 
common” (BrRowng, 1895, p. 412). Nach Kramp (1937) ist das 
der nérdlichste Fundort an der Westseite von Grossbritannien. — 
In the Plymouth Marine Fauna wird fiir Plymouth nur ange- 
geben: “Occasionally during the summer months. Planulae 
liberated in Aug. and reared to Scyphistoma stage’’. 

Fir Helgoland gibt Harriaus die Art fiir Ende August bis 
Anfang Oktober an, HAGMEIER nennt als Zeit fiir das Vorkom- 
men der laichreifen Quallen August bis September. HARTLAUB 
scheint anzunehmen, dass sie nicht jeden Sommer bei Helgoland 
vorkommen. In Zuchtversuchen wurde Strobilation im Marz, 
Lésung der Ephyren Anfang April beobachtet. Aus den Angaben 
Kiwnes (in Kramp, 1934, p. 214) geht hervor, dass im Juli 1925 
Quallen aller Gréssen, von 8 mm Diameter an, bei Helgoland 
gefunden wurden. Leider wird die Grésse der gréssten Tiere 
nicht angegeben, sie miissen aber mindestens zwei Monate alt 
gewesen und also spatestens im Mai geboren sein, vielleicht frither. 

Nach Kramp (1934 und 1937) ist Chrysaora selten an der West- 
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kiiste von Jiitland und bis Skagen. Sogar 1925, als sie bei Helgo- 
land ziemlich zahlreich war, wurde sie nicht nérdlich von Horns 
Rev (+ 55° 35’ N) beobachtet (wohl, und zwar im Oktober, 
an 5 Stationen S und SW von Horns Rev); den 7. Oktober 1926 
wurde ein Exemplar am Eingang des Limfjords gefunden; Ende 
September und Anfang Oktober 1930 wurden zahlreiche Chry- 
saoren von 3 bis 24 cm Grdsse éstlich von 6° O.L. zwischen 
55°30’ und 57°30’ N gesehen. “Many were caught in the ring- 
trawl with 50-100 m of wire out, and several were also seen 
swimming at the surface in the smooth water in the bright 
sunshine’. Endlich wurde die Art im Jahre 1933 in der ersten 
Septemberhalfte in ziemlicher bis grosser Anzahl an der jiitischen 
Westkiiste, nérdlich bis Hirtshals, gesehen; Ende September war 
sie bei Hirtshals noch allgemein, die letzten wurden am 14. und 
15. Oktober bei Frederikshavn (S von Skagen) gesehen. Ein 
Tier von nérdlich von Skagen wird noch fiir den 28. Oktober 
1923 erwahnt. (Fiir alle diese Angaben sich KRamp, 1934). — 1896 
wurden zahlreiche Chrysaora im Oktober wahrgenommen an der 
schwedischen Skagerrakkiiste (AuRIVILLIUS, 1898 b). — Aus den 
von Kramp fiir die Tiere von Ende September 1930 genannten 
Massen lasst sich schliessen, dass sie im Juni bis Mitte August 
geboren sein mégen. 

Chrysaora wird von Kramp und Damas (1925; vergleiche auch 
KRAMP, 1934, p. 212) fiir die norwegische Kiiste aufgefiihrt, 
Datum und Fundort sind aber nicht publiziert worden. 

Zusammenfassend ergibt sich folgendes. Ephyren wurden bei 
Valencia (Irland) von Anfang April an gefunden, in Holland 
miissen sie von Anfang April (oder frither) bis September ent- 
stehen, bei Helgoland 1925 wahrscheinlich vom April an, an 
der danischen Westkiiste 1930 vom Juni bis in den August. 
Hieraus lasst sich, was Verspatung betrifft, wenig Sicheres 
schliessen. Die Medusen erscheinen bei Valencia im Mai (alle 
jung), bei Den Helder (wahrscheinlich teils gross) von der 
zweiten Junihalfte oder Anfang Juli an (bei Katwijk viel spater), 
bei Helgoland ebenso vom Juli an (teils gross), fiir westlich von 
Jiitland sind keine Daten von vor dem September bekannt. 
Dies weist auf eine Verspatung im Erscheinen der Quallen nord- 
warts hin. — Die Medusen verschwinden bei Valencia vermutlich 
im Oktober (nur eine Beobachtung), in Holland bei Katwijk 
im November oder sogar im Dezember, bei Den Helder Oktober 
bis November, bei Helgoland bis Anfang Oktober, an der dani- 
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schen Westkiiste im Oktober, an der schwedischen Skagerrak- 
kiiste wurde sie 1896 im Oktober beobachtet. Hieraus lasst sich 
nicht allzuviel schliessen, man bekommt aber den Eindruck dass 
von einer sehr auffallenden Verspatung nordwarts, wie sie z.B. 
bei Aurellia eine Rolle spielt, hier nicht die Rede sein kann. 

Die Scyphistomen von Chrysaora miissen imstande sein sehr 
niedrige Temperaturen zu vertragen, denn die Temperaturen 
des Winters 1924—25 in der Helgolander Bucht (1925 wurde 
Chrysaora da, wie wir sahen, viel geboren) sanken im Februar 
bis ungefahr 5° C, vgl. Kapitel IV. 

Einige Angaben tiber die Anspriiche, welche die Scyphistomen der Chry- 
saora an ihre Umgebung stellen, macht Cuuin (1930) unter ,,matérial et 
élevage”’: ,,Les scyphistomes n’aiment pas la lumiére. Dans mon élevage 
ils étaient toujours tenus a l’abri de celle-ci. La température ne doit pas 
dépasser + 20° ou descendre au-dessous de 10°; au dela de ces limites de 
température les Scyphistomes n’accomplissent pas leur évolution habituelle; 
ce sont surtout le bourgeonnement et la strobilation qui sont compromis, 
bien que les animaux puissent résister 4 une variation plus grande de tem- 
pérature’”’. Hieraus lasst sich aber leider nicht allzuviel folgern. 

Es kommt bei den Scyphistomen von Chrysaora Knospenbil- 
dung vor (Hapz1, 1909, p. 20-22), aber welche Rolle sie spielt, 
ist mir unbekannt. 

Fur Holland findet man eine gedehnte Periode des Vorkom- 
mens kleiner Medusen, von Anfang Juni bis Ende Oktober. 
Sogar wenn man die Jahre gesondert betrachtet, findet man 
(1932) bei Den Helder kleine Medusen von Anfang Juli bis Mitte 
Oktober. Obgleich der Anfang der Strobilation auch hier gewiss 
an eine bestimmte Temperatur gebunden ist, findet also die 
Strobilation im Ganzen wahrscheinlich innerhalb ziemlich weiter 
Temperaturgrenzen statt. Das Ende steht dabei aber, wie aus 
dem Folgenden hervorgeht, offenbar wieder deutlich unter Tem- 
peratureinfluss. Wir fanden, dass Chrysaora 1933 und 34 bis in 
den Dezember hinein vorkam. Meine Hoffnung dieses spate Vor- 
kommen mit hoher Wassertemperatur im Spatherbst korrelieren 
zu kénnen, wurde nicht erfiillt, da der Dezember des Jahres 34 
zwar besonders warm, der des Jahres °33 aber sehr kalt war. Es 
zeigte sich indessen, dass sowohl °33 wie °34 eine lange Periode 
warmen Wetters im Juli bis zum Oktober hatten, die in so aus- 
gesprochener Form den anderen Jahren fehlte. Besonders 1933 
hatte abnormal hohe Meerwassertemperaturen, in der genannten 
Periode 1.5-2° C hoher als normal. Es liegt auf der Hand dag 
spate Vorkommen von Chrysaora in diesen Jahren mit der hohen 
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Sommertemperatur in Zusammenhang zu bringen und anzu- 
nehmen, dass die Chrysaora-Medusen bis in den Dezember hinein 
anwesend blieben nicht weil der Dezember warm war, sondern 
weil die Medusen bis so spat in den Herbst hinein gebildet 
werden konnten. Der Fall ist vollkommen vergleichbar mit dem 
spaten Verschwinden im Norden, dem wir bei Cyanea capillata 
und Aurellia aurita begegneten. Auch sie verschwanden — so war 
unser Schluss — nur spat, weil die Temperatur so spat im Sommer 
noch gentigend hoch zu ihrer Bildung war. Chrysaora bildet nun 
eine unerwartete Stiitze fiir diesen Gesichtspunkt. Es sieht wirk- 
lich aus alsob Chrysaora strobiliert, solange die Wassertemperatur 
eine gewisse Hohe hat, wie hoch méchte ich nicht entscheiden, 
da Anfang und Ende der Strobilation nur ungefahr bekannt sind 
und wir nicht genau wissen, wo die Medusen geboren werden. 
Jedenfalls aber steht der deutliche Unterschied in der fiir die Stro- 
bilation giinstigen Temperatur fiir Chrysaora und Aurellia fest 1). — 
Was letzten Endes die Ursache fiir das lange Wahren der Stro- 
bilationsperiode von Chrysaora betrifft, so gelten fiir sie die glei- 
chen Erwagungen die wir schon fiir Cyanea lamarckit erwahnten. 

Wir fanden fiir Cyanea lamarckii und capiliata und fiir Aurellia 
aurita bei uns und nordlicher eine lange Periode zwischen dem 
Entstehen und dem Erscheinen der Quallen. Jetzt finden wir 
~ eine sclche Periode auch fiir Chrysaora, von der, wenigstens bei 
Den Helder und Helgoland, auf einmal kleine und grosse Tiere 
zusammen erscheinen. Dahingegen sind die ersten Cyanea, die 
RussEtt (1931 b) im April bei Plymouth findet, alle jung, ebenso 
die ersten Chrysaoren, von M. & C. Dear bei Valencia und 
wahrscheinlich auch die ersten Auwrellia, von BRownE (1895) bei 
Port Erin gefunden. Bei ihnen verlauft also wenig Zeit zwischen 
der Entstehung der jungen Medusen und ihrem Erscheinen an 
der Oberflache 2). Schon unter Cyanea lamarckit wurde BicELOW 


1) Auffallend genug gibt es in der Adria sehr wenig Unterschied in der 
Zeit des Auftretens zwischen Aurellia und Chrysaora, denn nach GRAEFFE 
(1884, p. 342) findet man die Ephyren im September—Oktober und die 
geschlechtsreifen Quallen vom Januar bis in den April, wahrend Ephyren 
von Aurellia im Oktober, geschlechtsreife Tiere in den Monaten Februar 
bis Mai (sehr selten Juni) vorkommen. 

2) Im Zusammenhang damit ist vielleicht von Interesse, was Acassiz & 
Mayer (1898, p. 5-6) von Dactylometra quinquecirrha (Desor), einer nahen 
Verwandten von Chrysaora, sagen. “When the medusae are confined in the 
stale water of an aquarium they often assume the position shown in Plate V, 
where the disk is flattened out to an extreme degree, the palps are spread 
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zitiert, der auf einen ahnlichen Unterschied fiir die Medusen der 
Cyanea arctica (= capillata) von Woods Hole und von dem Golf 
von Maine hinwies. Nachdem wir diese Beispiele kennen gelernt 
haben, diirfen wir vielleicht annehmen, dass der Unterschied 
mit Temperaturunterschieden zwischen siidlicher und nérd- 
licher gelegenen Lokalitaten zusammenhangt. Es ist deutlich, 
dass die Strobilation bei viel niedrigeren Temperaturen anfangen 
kann als das Heraufkommen der Medusen. Wo diese niedrigen 
Temperaturen fehlen, ist der Unterschied zwischen Strobila- 
tions- und ,, Erscheinungs”’-Temperatur gering und kann das Er- 
scheinen der Metamorphose der Medusen bald oder gleich folgen. 

Wenn die Quallen einmal anwesend sind, so gibt es, wie bei 
den anderen Arten, grosse Unterschiede in der Anzahl von Tag 
zu Tag. VAN DER MAADEN kommt zu dem Schluss, dass Chrpsaora 
in dieser Hinsicht Cyanea ahnelt, die besonders bei Seewind nach 
heissem Wetter angeschwemmt wird. Fiir Den Helder war die 
schnelle Zunahme der Anzahl bei warmem Wetter Anfang Juli 
1932 sehr auffallend (sich Beobachtungen); schon damals schien 
mir Zusammenhang mit der hohen Temperatur naheliegend. 
Ich habe also versucht die Maxima bei Katwijk mit der Tem- 
peratursteigung zu korrelieren und obgleich dies, der Diirftigkeit 
des Materials wegen, eigentlich schlecht gelang, habe ich doch 
den Eindruck, dass der Zusammenhang besteht und dass die 
Chrysaora-Medusen bei Temperaturerhéhung die Oberflache 
aufsuchen. 

Auffallend genug verspatet sich die Zeit des Verschwindens 
der Chrysaora eigentlich gar nicht, obgleich die Quallen nord- 
warts doch spater erscheinen. Die Periode des Vorkommens der 
Quallen wird also nach dem Norden hin kiirzer. Der Grund fiir 
diesen Unterschied zwischen Cyanea und Aurellia einer- und 
Chrysaora andrerseits mag wohl der sein, dass die Chrysaora- 
Medusen an so hohe Temperaturen gebunden sind, dass sie die 
niedrigen Temperaturen des Frihwinters gar nicht vertragen 
und deshalb sterben. Zum Einfrieren, wie bei Aurellia, kommt 
es gar nicht. Die gleiche Ursache, die macht dass Chrysaora so 
wenig weit nérdlich vorkommt, macht auch, dass sie im Norden, 
wenn sie nicht in etwas warmerem Wasser grésserer Tiefe lebt, 


out over the floor of the aquarium, and the tentacles droop listlessly down- 
ward. In this position the medusa often remains motionless for a long time, 
and one is almost forced to compare it with a round flat table supported 
upon numerous legs.’’ 
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friiher verschwinden muss. Man sehe aber auch was unter 
Rhizostoma iiber diese Sache gesagt wird. 

Zuletzt sei der Unterschied in Haufigkeit zwischen verschie- 
denen Jahren erwahnt. Auch in dieser Hinsicht ist das Material 
diirftig, und zwar wegen der geringen Haufigkeit dieser Art 
tiberhaupt. Man darfvielleicht annehmen, dass sie zahlreicher war 
im Jahre 1936 als in den anderen Jahren. Dieses Jahr (Fig. 2) liegt 
mit seiner Temperatur der mittleren Temperatur fiir die Periode 
1921-1937 am nachsten, eine eventuelle Ursache fiir die Haufig- 
keit kann ich also sicher nicht aus der Temperatur ablesen. 


5. Rhizostoma pulmo (Macri) 


Rhizostoma erscheint bei Den Helder von der zweiten Juni- 
halfte an. Tiere im Oberflachenwasser wurden ab Anfang Juli 
gesehen, womit ich nicht sagen will, dass sie nicht friiher vor- 
kamen. Die friihen Tiere waren teils (vielleicht zum gréssten 
Teil, so viel ich mich entsinnen kann aber nicht alle) klein bis 
sehr klein, vielleicht 1-10 cm im Durchschnitt; wahrscheinlich 
kommen solche aber nicht jedes Jahr, oder nicht jedes Jahr so 
friih, zur Beobachtung. Es ist sehr auffallend, dass diese kleinen 
Tiere in Katwijk, wo doch so viel ausfiihrlichere Beobachtungen 
gemacht wurden, nie vorkamen. Rhizostoma erscheint da erst im 
August und gleich von Anfang an als grosses, oder jedenfalls 
groésseres Tier. Nach den Beobachtungen in Katwik fallt die 
Hauptzeit des Auftretens September-Oktober, 1933 und °34 
wurden aber, genau wie von Chrysaora, noch sehr spat Tiere 
notiert: bis zum 20. resp. 21. November. Den Helder hat keine 
Daten nach dem go. X. (1932). 

Da ich tiber die Wachstumsgeschwindigkeit der Rhizostoma 
keine Angaben habe finden koénnen, ist es unméglich aus der 
Grésse der Medusen Schliisse auf die Zeit ihrer Entstehung zu 
machen. Wir kénnen aber sicher annehmen, dass die kleinen 
Tiere, die bei Den Helder Antang Juli zur Beobachtung kom- 
men, mindestens einige Wochen alt und also spatestens im Juni 
entstanden sind 1). P. J. Kipp, Utrecht, der viel an der Zoologi- 


s 

1) Nach Ucuipa (1926, p. 47-48) nehmen die Ephyren der Rhizostomen 
Meduse Mastigias papua L. Agassiz in ungefahr 20 Tagen allmahlich die Form 
der erwachsenen Qualle an. Es wird nicht angegeben, welche Grésse sie 
dann erreicht haben. Aus der Beschreibung Ucnipas geht aber scheinbar 
hervor, dass die Tiere in diesem Stadium gegen 8 mm gross sind. Die Wasser- 
temperatur muss dabei ziemlich hoch sein, denn die Beobachtungen wurden 
in der Nahe von Misaki im Hochsommer gemacht. 
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schen Station arbeitete, teilt mir mit, dass kleine Rhizostomas Ende 
August zahlreich vorkommen kénnen. Das weist auf Ephyren- 
bildung wahrend einer Periode von mindestens zwei Monaten 
hin. In den Jahren 1933 und ’34 kam Rhizostoma, wie oben gesagt, 
‘bei Katwijk viel langer als sonst vor, bis zum 20. resp. 21. Novem- 
ber. Da diese Novembermonate (Fig. 2) gar nicht abnormal warm 
waren, ist es wahrscheinlich, dass die hohen Wassertemperaturen 
der Periode Juli bis Oktober das spate Verschwinden bewirkten, 
indem sie die Bildungsperiode der Ephyren verlangerten. Mit 
anderen Worten, in diesem Jahr diirften Ephyren vielleicht 
noch bis in den Nachsommer geboren sein. Die Extremen fiir 
Ephyrenbildung waren sodann der Mai und eventuell der 
September. 

Da Rhizostoma bei Katwijk fehlt wahrend einer Zeit, in der 
sie bei Den Helder in grosser Anzahl vorkommen kann, und der 
Temperaturunterschied zwischen beiden Lokalitaten sicher keine 
Rolle spielt, miissen wir auch fiir diese Art wohl annehmen, dass 
sie Katwijk erst im Laufe des Sommers vom Siiden her erreicht, 
wahrend die Umgebung von Den Helder selbst ihre Rhizostomen 
erzeugt. Ich komme auf diesen Transport im nachsten Kapitel 
zuriick. 

Fur Valencia Harbour (Irland) gibt Browne (1900) Tiere fiir 
Anfang September und den 10. Oktober, die Dewars fiir die 
Periode August bis Oktober an. Sie scheinen da gar nicht regel- 
massig vorzukommen, was aber auch fiir die anderen Quallen- 
arten gilt; 1905 waren sie indessen im ganzen September und 
Oktober zahlreich. Fiir the Isle of Man werden grosse Tiere fiir 
den April 1894 (BRowne, 1895, p. 413) und fiir die Monate 
Marz, Mai und Oktober 1899 genannt (Moore, 1937: 13. Ann. 
Rep. Liverp. M.B.C. and Port Erin, p. 35, 1899). Daten fiir 
the Firth of Clyde sind Ende September und Ende Oktober 
(1901), beide Male ein Stiick; nach anderen Angaben waren sie 
da nicht selten (vergl. BRowne, 1906, p. 776). Fir Plymouth 
wird nur angegeben “occasionally”. Aus diesen Angaben lasst 
sich nicht allzuviel schliessen, aber offenbar kénnen die (jungen?) 
Tiere im Siiden von England ab Marz anwesend sein. 

Von der belgischen Kiiste sind eine Anzahl Ephyren und junge 
Quallen aus den Monaten Juni und Juli (21. VI.—g0. VIL., sieh 
nachstes Kapitel) bekannt. Das stimmt mit dem, was wir fiir 
Den Helder fanden, iiberein. 

Fir Helgoland, wo die Art noch regelmassig vorkommt (vel. 
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die Mitteilungen von Kiinne in Kramp, 1934, p. 212), wird 
Rhizostoma von HaxEcxe fiir den August und den September 
angegeben (HartTLaus, 1896). Stiasny (1928) hat fiir die Um- 
gebung von Helgoland Ephyren und sehr kleine Quallen aus 
der letzten Juli-Dekade beschrieben, ausserdem eine kleine 
Qualle von 18 mm vom 18. August (1924). Ein ziemlich kleines 
Tier wurde auch im Juli 1925 gefunden (KRaAmp, 1934, p. 214). 
1933 erschien die Art da ab Ende Juli, es wird aber nichts tiber 
die Grosse dieser Tiere gesagt (ibid., p. 217). Das Alles weist wohl 
auf Ephyrenbildung im Juni und Juli hin. 

An der danischen Westkiiste kommt Rhizostoma nach Kramp 
(1937) ziemlich regelmassig besonders im September vor. Nur 
selten erreichen die Tiere Skagen, Oslofjord und die danischen 
und schwedischen Gewasser éstlich von Skagen, 1873 wurde sie 
nach Moésius sogar bei Kiel gefunden (KRAmpP, 1934, p. 219), 
1896 erreichte sie mit Chrysaora im Oktober in einiger Anzahl 
die schwedische Skagerrakkiiste (AURIVILLIus, 1898 b, p. 10) und 
1933 war sie langs der jiitischen Kiiste zahlreich und wurde sie 
in ziemlicher Anzahl im Skagerrak und Kattegat (auch an der 
schwedischen Seite: im Gullmarfjord), siidlich bis Seeland, be- 
obachtet, vgl. Kramp (1934). Die Mehrzahl kam an der jiitischen 
Kiiste im September (ab den 2. des Monats) vor, die letzten 
wurden im Kattegat an verschiedenen Daten zwischen dem 
5. und dem 25. Oktober gesehen, an der Nordkiiste von Seeland 
wurden aber noch unverletzte Stiicke angeschwemmt gefunden 
am 21. November; in Oslofjord wurde sogar Mitte Dezember 
noch ein Exemplar gesehen (KRAmpP, 1934, p. 218-219). Auch 
1929 wurde noch am 20. November ein grosses Exemplar bei 
Frederikshavn an der Ostkiiste von Jiitland gefunden (KRamp, 
1934, p. 215). Das friitheste Datum, das ich fiir den Norden fand, 
betrifft den nérdlichsten Fundort: der 12. Juli 1916, Oslofjord 
(KRAMP, 1934, Pp. 213). 

Zusammenfassung dieser Daten ergibt folgendes. So friihe 
Daten wie fiir the Isle of Man bekannt sind, weist die Nordsee 
nicht auf, ein so spates Datum wie das fiir Oslofjord kennen wir 
nicht fiir siidlichere Lokalitaten. Das weist auf eine Verschiebung 
nordwarts hin. Diese Verschiebung ist aber wohl sehr wenig 
ausgesprochen. Ephyrenbildung findet, nach den diirftigen Da- 
ten zu urteilen, an der belgischen Kiiste im Juni und im Juli 
statt, bei Den Helder ab Juni (oder Mai), bei Helgoland im 
Juni und Juli. Wenn wir annehmen, dass das Tier vom 12. Juli 
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im Oslofjord nicht allzugross war, konnte auch dieses im Juni 
geboren sein. — Gréssere Tiere gibt es bei Katwijk von der ersten 
oder zweiten Augusthalfte an (bei Den Helder kommen sie 
wahrscheinlich friiher vor), sie sind zahlreich bis Ende Oktober 
(1933 und ’34 kamen sie bis zum 21. November vor); bei Helgo- 
land sind sie im August und September zu finden, an der dani- 
schen Westkiiste besonders im September, dstlich von Skagen 
1933 hauptsachlich im Oktober, im siidlichen Kattegat bis den 
21. November, zugleich das spateste Datum ftir Katwijk. Nur 
im Oslofjord wurde noch Mitte Dezember ein Exemplar be- 
obachtet. - Man bekommt den Eindruck, dass die Tiere eigent- 
lich langer an der hollandischen Kiiste als in der Deutschen Bucht 
vorkommen, aber das Beobachtungsmaterial von dort ist wohl 
zu unvollstandig. Von der Deutschen Bucht an gibt es offenbar 
eine deutliche Verspatung die West- und dann die Ostkiiste von 
Jiitland entlang bis an Seeland, und nordwAarts nach Oslofjord. 
Diese Verspatung ist der Wasserbewegung zuzuschreiben; ich 
komme darauf im nachsten Kapitel zuriick. Eine tiberzeugende 
Verspatung aller Stadien kénnen wir, abgesehen vom friiheren 
Auftreten der Medusen in Siidengland, eigentlich nicht 
feststellen, und man fihlt, dass-in dieser Hinsicht grosse 
Ubereinstimmung zwischen Chrysaora und Rhizostoma bestehen 
muss. 

Auch die Beobachtungen fiir Rhizostoma besagen, wie niedrige 
Temperaturen die Scyphistomen vertragen kénnen, denn die 
Temperaturen fiir die Deutsche Bucht sind die niedrigsten der 
ganzen Nordsee. Es ist um so merkwiirdiger, da fiir die Strobi- 
lation offenbar gerade sehr hohe Temperaturen notwendig sind, 
sich unten. 

Schon das erste Erscheinen der Rhizostoma so spat im Sommer, 
wobei kleine Medusen vermutlich die Mehrzahl ausmachen, 
macht es wahrscheinlich, dass eine hohe Temperatur nicht nur 
fiir die Medusen, sondern auch fiir die Strobilation giinstig ist. 
Darauf weist auch das spate Verschwinden dieser Art in den 
Jahren 1933 und’34 hin. Die betreffenden November-Monate (Fig. 
2) waren gar nicht besonders warm, wir miissen deshalb — genau 
wie bei Chrysaora — wohl annehmen, dass die hohen Wasser- 
temperaturen der Periode Juli bis Oktober das spate Verschwin- 
den bewirkten, indem sie die Bildungsperiode der Ephyren ver- 
langerten. Durch diese giinstigen héheren Temperaturen kon- 
zentriert sich die ganze Periode der Medusenentwicklung, starker 
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noch als bei Chrysaora, bei uns auf die warmste Zeit des Jahres 1). 
Es besteht denn auch keine lange Periode des Bodenlebens zwi- 
schen der Bildung der jungen Quallen und ihrem ersten Er- 
scheinen. Im Gegenteil, sie kommen wahrscheinlich bald nach 
ihrer Entstehung an die Oberflache. Nur ein Teil der Alteren 
Medusen kommt deswegen bei etwas niedrigerer Temperatur im 
Herbst vor, weil warmes Wetter bis in den Nachsommer hinein 
anhalten kann und die Ephyrenbildung verlangern mag. Wie 
bei Chrysaora béstatigt dies unsere Meinung, dass die Verspatung 
im Auftreten der Quallen von Siid nach Nord nur notwendige 
Folge ihrer Warmeliebe ist. 


In Anbetracht der offenbar deutlichen Abhangigkeit der Ephyrenbildung 
von hoher Temperatur kénnte man versucht sein anzunehmen, dass bei allen 
bei uns vorkommenden Temperaturen tiber einem bestimmten Minimum 
Ephyren gebildet werden kénnten. Dem ist aber gewiss nicht so. Im Herbst 
h6rt die Strobilation auf, lange bevor die Temperatur erreicht worden ist, 
bei der die Strobilation im Friihsommer anfing, genau wie wir das bei der 
Fortpflanzung anderer Tierarten (Fische, V6gel) finden. Es gibt sogar fur 
eine solche Warme liebende Art wie Rhizostoma keine symmetrische Ver- 
teilung der Fortpflanzungsperiode um eine bestimmte Temperatur herum. 


Die Temperatur, bei der die Medusen der Rhizostoma sich bei 
uns zum ersten Mal zeigen, ist natiirlich héher als die, bei der 
die Strobilation anfangt. Wir fanden weiter, dass die Quallen 
eigentlich bis spater in den Herbst hinein an der hollandischen 
als an der danischen Kiiste gefunden werden und dass eine 
Verspatung im Vorkommen nordwarts mindestens sehr undeut- 
lich ist. Nur in den Gewassern 6stlich von Skagen finden wir 
wieder einige sehr spate Daten. Diese Unterschiede waren fol- 
gendermassen zu erklaren. Eine fiir die Strobilation giinstige 
Temperatur wird wahrscheinlich an der hollandischen Kiiste bis 
spater in den Sommer hinein gefunden als in der Helgolander 
Bucht. Dadurch miissen die alten Tiere langs der danischen 
Westkiiste irither als in Holland verschwinden. Die Tiere der 
Helgolander Bucht werden aber bis weit in die danischen Ge- 
wasser hinein beférdert und kommen da deshalb bis spater in 
den Herbst als an der Westseite von Jiitland vor. Nicht begreiflich 
ist es aber, weshalb die hollandischen Tiere, die doch auch vom 


1) Dies wird noch deutlicher, wenn man bedenkt, dass die Meduse der 
Rhizostoma nach GRAEFFE (1884, p. 343) in der Adria eigentlich das ganze 
Jahr hindurch vorkommt, nur mit einem deutlichen Maximum in den 
Monaten Juni bis August. 
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Wasser mitgefiihrt werden, dann nicht bis sehr spat in den Herbst 
in der Helgolander Bucht gefunden werden. Der Grund kénnte 
' sein, dass diese Tiere, unter Einfluss der niedrigen Herbsttempe- 
raturen, bewegungslos werden, sinken und allmahlich sterben, 
wahrend solche Tiere im Kattegat, unter Einfluss der baltischen 
Stisswasserabfuhr, an die Oberflache gebracht oder gehalten und 
weiter verfrachtet werden. 

Es sei noch darauf hingewiesen, dass Rhizostoma 1933 offenbar 
weiter in die danischen Gewasser vordrang als Chrysaora. Man 
kénnte daraus schliessen, dass die Abhangigkeit der Chrysaora 
von niedrigen Temperaturen eine gréssere als die von Rhizostoma 
ist. Das entspricht aber nicht dem friiheren Erscheinen der 
Quallen der Chrysaora im Friihsommer, dem spaten Verschwin- 
den der Chrysaora im Herbst bei Katwijk und der siidlichen Ver- 
breitung von Rhizostoma iiberhaupt. Vermutlich bildet hier die 
relative Haufigkeit der Rhizostoma der Chrysaora gegeniiber eine 
Rolle. Weiter sei auf Kramp’s Bemerkung (1934, p. 218) hin- 
gewiesen, dass Rhizostoma offenbar leichter als Chrysaora von den 
Wogen gegriffen und angeschwemmt wird. 

Nach Ktnne und Kramp (Kramp, 1934) war Rhizostoma bei 
Helgoland und an der danischen Westkiiste 1933 viel zahlreicher 
als normal. Nach VAN DER MAADENs Beobachtungen war sie 
dieses Jahr aber gar nicht sehr zahlreich bei Katwijk, wo 1936 
und °37 (und auch ’38) viel gréssere Zahlen aufwiesen. Es asst 
sich annehmen, dass die Beobachtungen in Katwijk ein richtiges 
Bild von der wirklichen Haufigkeit im Meer geben. Ich habe 
erst gemeint, der Grund fiir diesen Widerspruch sei, dass die 
Haufigkeit in der Helgolander Bucht gegen die an der hollan- 
dischen Kiiste nur eine geringe war. Das wiirde aber nichts an 
der Tatsache andern, dass das Verhaltnis zwischen ,, guten”” und 
»schlechten” Jahren bei Helgoland offenbar ein anderes als bei 
Katwijk sein kann. Es scheint mir nicht unméglich, dass Helgo- 
land in bestimmten Jahren wirklich sehr viele Rhizostomas hat, 
namlich dann, wenn durch hohe Sommertemperaturen die 
Deutsche Bucht selbst sehr viele Quallen liefern wiirde. Katwijk 
hangt aber vom ,,Siiden” ab. Da mag in solchen heissen Som- 
mern die Temperatur durch Einfluss des Kanalwassers etwas 
niedriger bleiben, auch mégen da die Faktoren, die das Erwach- 
sen der Quallen beeinflussen, weniger giinstig als in der warmen 
Helgolander Bucht sein. In der Weise kénnte Katwijk armer an 
Quallen sein als Helgoland. 
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Womit die verschiedene Haufigkeit der Rhizostoma in Kat- 
wijk in verschiedenen Jahren zusammenhangt, kann ich nicht 
sagen. Theoretisch miissen die Jahre die giinstigsten sein, die 
giinstige Verhaltnisse wahrend der Strobilations- und Ephyren- 
bildungsperiode zeigen, das ware u.a. eine hohe Temperatur im 
Marz oderim April bisin den Juni. Diese kommt vor (Fig. 2) in den 
Jahren °33 und ’37. Das stimmt also schlecht; denn Rhizostoma 
war bei Katwijk zahlreich im Jahre 1936 und besonders 1937. 
Das Heranwachsen der Jungen wird aber von vielen Faktoren 
beeinflusst, an erster Stelle von der Anwesenheit von Nahrung 
und Feinden. Was besonders die letzteren betrifft, so ist es sehr 
wohl moglich, dass eine grosse Haufigkeit anderer Quallen die 
Zahl der Rhizostomen, die immer spater als sie kommen, sehr 
stark verringert. Besonders die Wahrnehmungen von Fraulein 
Detar haben gezeigt, wie wichtig Coelenteraten als Nahrung 
fiir junge Medusen sind. Wir wissen hiervon aber viel zu wenig, 
dass wir iiber diese Sachen mit Frucht urteilen kénnten. 


6. General conclusions 


This chapter, because of its numerous small facts, badly needs 
some general conclusions. 

Looking broadly at the distribution and periodicity of the five 
species studied it is of interest that the medusae with more 
southerly distribution appear later in the season than those which 
are distributed farther to the North. This follows best from the 
following facts: 

Cyanea lamarckii Pér. & Les. inhabits the Englisch Channel, 
the southern and eastern North Sea up to and inclusive the 
Danish Westcoast and, as palmstruchit (Swartz), the Skagerrak. 
As an exception it is found in the Kattegat till Anholt, Sjelland 
and even the Kégebugt south of the Oresund. It is especially 
numerous along the Dutch and German coast. — Its medusae on 
the Dutch coast occur in greatest numbers from the end of May 
to the beginning of August. 

Cyanea capillata (L.), of which C. arctica Pér. & Les., which 
reaches far to the North, is probably a synonym, is distributed 
from the English Channel to Norway and the Baltic. Its occur- 
rence in the Channel is rare and may be somewhat doubtful, 
it is neither numerous nor rare along the Dutch coast, but 
increases in numbers towards the North. It is common along the 
Norwegian coast and in the waters between Sweden and Den- 
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mark, and also inhabits the greater part of the Baltic. - Where 
both Cyanea species live side by side, as is the case along the Dutch, 
German and Swedish coast, the medusae of capillata appear and 
disappear somewhat later than those of lamarckit and not earlier 
as one would expect from their more northern occurrence. 

Aurellia aurita (L.) has a worldwide distribution. It inhabits 
the continental seas of all oceans between 40° S and 70° N, it 
therefore reaches much farther south than both Cyaneas, but it 
also occurs farther north and east than C. lamarckii, as in the 
Baltic it even reaches the coast of Finland and it occurs along 
the greater part of the Norwegian coast. — On the Dutch coast 
the medusae are most numerous from the middle of May to the 
middle of July, as a rule somewhat earlier than those of Cyanea 
lamarckat. 

Chrysaora hysoscella (L.) has its relatives in the South. In Europe 
it inhabits, besides the Mediterranean, the Atlantic coast of 
France and the coast of southern England (in the West north to 
Liverpool and probably — though quite exceptionally — Norway) 
and the southern North Sea up to the Danish coast. It goes farther 
north in some years than in others. — Its medusae along the Dutch 
coast especially occur from August to October, much later than 
those of the foregoing species. 

Rhizostoma pulmo (Macri) also has only southern relatives. It 
inhabits, besides the Mediterranean, the Atlantic coasts of Europe 
northward to the Firth of Clyde and the Danish coast, where its 
occurrence is irregular. — Its medusae along the Dutch coast 
reach their greatest numbers in September and October. 

We thus see that those two medusae, which have the most 
southerly distribution, occur later in the year than the three 
more northern ones. The same rule holds good for the Hydro- 
medusae, compare especially the instructive table given by 
Kramp (1927, table 15). It is probably a well established fact 
for several other animal groups; at least the fishes contain striking 
instances, compare especially RussELL (1935). 

The pronounced periodicity of the medusae of the different 
species must have connection with the periodicity in the stro- 
bilation period of their scyphistoma’s, as it takes a certain time 
to produce mature medusae from ephyrae. There is, indeed, a 
similar difference in the period of appearance of the ephyrae as 
there is between the different medusae. On the Dutch coast the 
ephyrae of C. lamarckii are probably developed from December 
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to June, those of C. capillata from March to June, those of 
Aurellia from February to June, but those of Chrysaora from the 
beginning of April (perhaps somewhat earlier) till September, 
and those of Rhizostoma probably from May to September. 

The fact that the two southern species propagate so much later 
in the year than the more northern ones, together with the 
striking shifting of the time of reproduction northward, may 
point to the dependence of the periodicity on light or tempera- 
ture. From what is known on the influence of light on periodicity 
in general — especially on the important phenomenon of south 
to north migrations (and vice versa) in birds (Rowan, 1938) — 
one would assume that light might be most important here, but 
the observations make it probable that the chief factor governing 
the periodicity is the temperature. The evidence for this is in- 
sufficient to put it beyond doubt, so that special observations 
are needed; but there is much in favour of the view that there 
is a more or less direct influence of temperature on the strobila- 
tion period. 

For this reason I have tried to put together all such facts as 
are of interest in connection with the ecological wants of the 
different stages of the five species studied: scyphistoma, ephyra 
and medusa. I regret that little attention was given to the planu- 
lae, not only by the literature on the subject, but still more by 
me: a closer study of the wants of the planulae of the different 
species, including their reactions during attachment, would 
certainly be worth while. 


Scyphistoma 

Next to nothing is known about the ecological wants of the 
polyp stage of the five species studied. As far as I have been able 
to make out that of C'yanea lamarcki has never been found except 
in the aquarium and the polyps of Chrysaora and Rhizostoma have 
at least not been found in the North Sea. Those of Aurellia are 
best known, Aurellia being an estuarine form, the polyps of which 
are numerous in very shallow water. They have been found in 
large numbers on the coast of the isle of Man, near Plymouth, 
in Mariager Fjord (eastern Jutland), near Hel (Poland) and on 
the Finnish coast. They also make their appearance in aquarium 
tanks and do well in aquaria generally. 

As to the depth of their occurrence, it has been assumed by 
Damas and others that the scyphistomas of Cyanea are bound to 
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the coast. BrcELow makes it probable, however, that those of C. 
arctica, which is probably the same species as C. capillata, occur 
to a depth of 70 m. The polyps of Aurellia aurita, on the other 
hand, are found in very shallow water (1-2 m in Mariager Fjord, 
see Ussinc, 4-5 m on the Finnish coast, compare WIKsTROM, 
1932), probably always less than 20 m or so (BIGELOW), but 
depth figures have several times been omitted from the records 
(Plymouth, Port Erin). 

It is probable that the structure of the bottom is of much 
importance in so far all scyphopolyps probably need a firm 
substratum. According to Kramp C. capillata is found on stones, 
shells and algae. Moore, Usstnc and WixksTR6m (1932) mention 
shells (living Mytilus, Pecten) for Aurellia aurita; large numbers, 
up to ca 100, may occur on one single Mytilus-shell (Ussinc). 

One of the factors interesting us most of all in connection with 
the annual periodicity is the temperature. 

As to the influence of low temperatures C. lamarckii must be 
able to withstand very low ones, possibly below zero, as young 
medusae on the Dutch coast make their first appearance in 
February, probably after having been produced from December 
onward by scyphistomas living in the immediate neighbourhood 
of the coast. The same may hold for C. capillata, though it may 
have to withstand not such very low temperatures, where it 
occurs in somewhat deeper water. Aurellia aurita lives in shallow 
water even on the Finnish coast, where the temperature certainly 
reaches below zero in winter. Judging from the production of 
young medusae of Chrysaora hysoscella near Heligoland in 1925 
and other years its scyphistomas must be able to bear a tempe- 
rature of about 5° C, but this is probably very near the minimum 
reached. According to Cuurn the temperature should not fall 
below 10° to enable this species to accomplish its ,, évolution 
habituelle’’; ,,ce sont surtout le bourgeonnement et la strobila- 
tion qui sont compromis, bien que les animaux puissent résister 
a une variation plus grande de température’’. Rhizostoma must be 
able to bear temperatures of below 5° C in the polyp stage, for 
the temperature in January and February 1933 (the year in 
which Rhizostoma was common) was around normal near the 
Dutch coast and in the German Bight, which means that it must 
have been in the neighbourhood of 3-4° slightly above the bottom. 

Still less is known about the highest temperatures withstood. 
The distribution of both Cyanea species does not reach far south 
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and it is therefore improbable that the polyps can bear high 
temperatures, but this is uncertain, as it may also be the period 
of strobilation which limits the distribution. Awrellia aurita polyps 
according to Halisch may well bear temperatures of above 20° 
and this is what one would expect from their distribution. Cuurn 
says that the scyphistomae of Chrysaora find conditions favourable 
between 10 and 20° C, though they bear higher. temperatures, 
see above. About the same may hold for Rhizostoma. 

Nothing is known about the influence of salinity on the different 
polyps except for the fact that Aurellia bears a very wide range, 
compare the remarks by Hauiscu on p. 401 of this paper. On the 
Finnish Coast Aurellia lives in a salinity as low as 5.5-6.5°/o9, in 
Mariager Fiord (eastern Jutland) of 14-15°/)). I assume that it 
may occur in salinities of above 30/9, quite as well, however; 
Ha.uiscu kept it in strongly evaporated sea water. — Probably 
none of the other species bears such a wide range, but Cyanea 
capillata also lives up to far into the Baltic. 

According to Hatiscu the polyps of Aurellia bear great varia- 
tions in the intensity of illumination. Direct sunshine had no 
deleterious effect on them. Cuurn states that the scyphistomas of 
Chrysaora do not like the light and were always kept in the shadow. 

From the occurrence of Aurellia polyps in shallow coastal water 
we may conclude that they can well bear the influence of silt, 
but, again, nothing in this respect is known for certain. Neither 
is there anything known about the influence of water movements. 


Strobilation 


Strobilation is here meant to include the development of 
ephyrae, which in nature is, of course, easier to follow than 
strobilation itself. In connection with it temperature is apparently 
of prime importance. Nothing can be said about the influence 
of other factors on the process of strobilation. 

Strobilation in Cyanea lamarcku on the Dutch coast must start 
in December. Ephyrae are especially developed from February 
to April. This means that strobilation proceeds during the coldest 
part of the year, especially when the temperature may have fallen 
below 8° and in very cold winters during part of the time to 
nearly zero. In fact, during the very cold winter 1941-’42 VAN 
DER MAADEN found a young medusa of Jamarcki in February, 
which must have lived as an ephyra in water of below zero in 
December—January. The production of ephyrae stops in June or 
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earlier, possibly at a temperature somewhere between 10 and 
13°. — Strobilation in C. capillata starts later in the year and the 
- temperature needed for strobilation by this species may therefore 
be somewhat higher. It is of interest that in Danish waters 
according to Kramp ephyrae may be formed throughout the 
summer, with a new maximum in autumn. This shows that the 
summer temperatures in these waters fall within the temperature 
range of strobilation and that the latter therefore must lie fairly 
high. — As to Auwrellia HAGMEIER comes to the conclusion that 
above 10° C stolonisation is of importance, whereas below g—10° 
strobilation begins. The temperature of the sea water during the 
period in which the ephyrae are formed in NW-Europe is about 
4-11° C, which is at least not in contradiction to HAGMEIER’s 
view. Further, the observations of VAN DER MAADEN point to the 
possibility that there is some connection between the number of 
Aurellia produced within a certain period and the temperature 
of the water, low temperatures (of 3-4° C) presumably being 
favourable to the species. This is also shown by CLEVe’s data 
(HaAGMEIER, 1930), according to which the ephyrae thrive at 5°, 
but do no longer feed at 3°. — In the neighbourhood of Bergen 
(Norway) ephyrae have not only been found in spring, but also 
in September. This may mean that a double period of strobilation 
may exist there at least in certain years, a phenomenon compa- 
rable to that just mentioned for capillata. It may also exist in 
Holland, see the foot note on p. 398. 

Strobilation in Chrysaora and Rhizostoma on the Dutch coast 
starts later than that of the preceding species, that of Chrysaora 
in the beginning of April (or earlier), that of Rhizostoma probably 
in May. In both species the period of strobilation continues till 
about September, but in 1933 and °34, years exceptional for 
their long and warm summer, the formation of ephyrae must 
have continued at its least one month longer than in the other 
years, as medusae of Chrysaora were to be found till the beginning 
of December instead of the end of October, whereas medusae of 
Rhizostoma were to be found till the third decade of November 
instead of the end of October. November was about normal in 
°33, somewhat too warm in 34, December was far below normal 
in 33, far above in ’34, so that direct influence of the tempera- 
ture on the medusae themselves cannot have played a réle. These 
facts show that temperature apparently directly influences the 
length of the strobilation period. The temperature limits of the 
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latter may be 7—20° for Chrysaora, 9—20° for Rhizostoma, but these 
figures are rather arbitrary. CHuin’s observations for Chrysaora, 
according to which the temperature for strobilation and stoloni- 
sation should lie between 10 and 20° C,.are probably not right 
in so far the lower limit is concerned, as field observations point 
to an earlier beginning of strobilation, at least in the North Sea; 
it may begin at a higher temperature on the French coast, 
however. 

As all observations point to the fact that temperature influences 
the strobilation period I conclude that temperature has more 
influence on the strobilation than light, contrary to what I had 
originally expected. One may ask why of the two factors, light 
and temperature, the first is apparently of greater influence in 
periodicity phenomena in birds and presumably other verte- 
brates (Rowan, and others), the latter in these medusae. VAN 
REGTEREN ALTENA suggests the possibility to me that light may 
have become more important in connection with periodicity in 
bird behaviour because of its great influence on an important 
activity as the collecting of food, whereas in medusae temperature 
may be more important, because their food capture is indepen- 
dent from light. Furthermore, temperature generally has more 
influence on the activities of such lower forms than on those 
of birds, and this may have played a part too. — It is quite 
interesting that two different factors may be used for regulating 
seasonal movements in different animal groups. In fishes, how- 
ever, both factors may be important, as there are indications 
that the periodicity of reproduction is influenced by light and 
that temperature regulates migration data to a great extent. 

The strobilation period of a cold loving species like C. lamarcku 
is shorter in the Channel than in the North Sea, presumably 
because in the South the temperature sinks only for a short time 
below the upper limit necessary for strobilation. The period of a 
warmth loving species like Chrysaora and Rhizostoma is shorter in 
the North than in the South, because temperatures sufficiently 
high for strobilation of these species occur in the North for a 
short period only. 


Medusa stage 

Temperature does not only influence the formation of medusae, 
but also the time of their appearance in the surface water. In 
Cyanea lamarckii and capillata and in Aurellia aurita, and to a less 
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degree in Chrysaora, the first medusae to appear in spring or early 
summer are not exclusively young, as one would expect, but of 
all ages, ranging from one to three or four months. The reason 
probably is that the young medusae attach themselves to the 
bottom as long as the temperature is not high enough for them, 
at least some aquarium observations point in that direction. For 
Cyanea lamarckit there is a more or less distinct correlation between 
the appearance of medusae at the surface and a rise in the water 
temperature. The observations for C’. capillata are too scanty to 
prove some such connection. For Aurellia aurita nothing of such 
a correlation can be shown to exist, as this species is apparently 
especially numerous near the surface on days with northern 
winds and not in periods of warm weather, as is the case with 
Cyanea lamarckit. It therefore looks as if a fall in the temperature, 
after the latter has risen above a certain level, is necessary to 
bring the medusae to the surface, a fact difficult to understand. — 
Chrysaora, again, probably comes to the surface as a reaction on 
temperature rise. For Rhizostoma no conclusive observations exist. 

This period of apparent bottom life of the young medusae is 
of very wide distribution, as it has been observed in Europe as 
well as in North America. It does not occur over the whole 
range of distribution of the species in question, however, for in 
Europe it is missing in Cyanea lamarckii near Plymouth, Chrysaora 
hysoscella near Valencia Harbour (Ireland) and probably also 
in Aurellia aurita near Port Erin (Isle of Man). It is probably also 
missing in Rhizostoma pulmo near Den Helder, at least in certain 
years. In North America it is missing in Cyanea arctica (probably 
_ the same species as capillata) near Woods Hole, though it is of 
much evidence in the Gulf of Maine. There seems little doubt 
that the degree of latitude has to do with the matter, which may 
play a part in the following way. Strobilation can start at much 
lower temperatures than are necessary for the coming to the 
surface of the medusae. Where really low temperatures are 
missing the difference between the temperature at which strobila- | 
tion takes place and the temperature at which the medusae make 
their appearance is so small, that the medusae can appear soon 
after development. 

It was stated above already that the periodicity in the stro- 
bilation period and in the appearance of the medusae shows 
retardation with the latitude northward. This is especially 
striking in Cyanea capillata and Aurellia aurita, the mature medusae 
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of which may occur till deep into the winter in the northern part 
of their area of distribution, though they have never been found 
in winter in the southern part. This occurrence of medusae so 
late in winter is the natural consequence of the general retarda- 
tion of the temperature cycle northward. The medusae appear 
later there, they therefore disappear later too. It is more or less 
certain that the medusae wich occur so late in the year are those 
which have been born latest in autumn. 

It should be added that the influence of factors on the actual 
movements of the medusae is dealt with in chapter V of this paper. 


When we look at the annual life cycle of these species of 
Scyphozoa as a whole it is interesting that the cycle is regulated 
so to speak by the temperature which causes strobilation. It 
causes the polyp to produce ephyrae, which develop into medusae 
and mature. The medusae, again, produce planulae and the 
latter scyphistomas, but the only stage in which we find a certain 
period of rest is that of the polyp awaiting conditions favourable 
for strobilation. This is the more interesting, because the stage 
most susceptible to influences from without, and in the case of 
our species most in want of the higher summer temperatures, is 
the mature medusa. The periodicity of its appearance in summer 
is governed by the periodicity of the temperature which causes 
strobilation of the polyp stage some 3 months earlier. 


IV. DER PASSIVE TRANSPORT 


Wir haben uns bis jetzt bei all unseren Gedankengangen be- 
nommen, alsob das Wasser stationar ware und die Quallen nicht 
vom Fleck kamen. Nur bei der Behandlung von Chrysaora und 
Rhizostoma kamen wir fiir die ersten bei Katwyk angeschwemm- 
ten Tiere ohne einen ihrer Erscheinungszeit vorangegangenen 
Transport nicht aus, fiir den Rest aber liessen wir eine Verfrach- 
- tung ganz ausser Acht. 

Da die Eigenbewegung der Quallen im Verhaltnis zur Strom- 
starke sehr gering ist, versteht es sich dass die Tiere, wenigstens 
solange sie sich im freien Wasser aufhalten, genau wie andere 
Planktonorganismen die Bewegungen des Wassers mitmachen 
und so von diesem hin und her gefiihrt und auch ausserhalb des 
Gebiets, wo sie entstanden, verbreitet werden. Schon OsTERGREN 
(1909) wies mit Nachdruck auf den grossen Wert gerade der 
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Quallen fiir das Studium des Planktontransports hin und ver- 
schiedene andere Beitrage enthalten Angaben oder Annahmen 
iiber einen solchen Transport, die aber wohl stets zu ungenau 
sind um prazisen Aufschluss iiber die betreffenden Entfernungen 
zu geben. Dennoch ware es von grossem Wert letztere genauer 
zu kennen. 


Wo die Tiere ihre Entfernung senkrecht auf die Kiste vergréssern, ké6nnen 
wir die Vergrésserung messen, wir wissen diesenfalls aber nicht, in wie weit 
zugleicherzeit Transport langs der Kiiste stattgefunden hat; ausserdem sind 
die betreffenden Entfernungen meistens gering, wodurch das Ergebnis von 
wenig Bedeutung ist. Damas (1909) beschreibt die allmahliche Verbreitung 
der Cyanea capillata an der Kiiste Norwegens im Laufe des Sommers. “The 
fact that the jellyfish is an organism of considerable size .... and that it 
keeps near the surface and is therefore easy to observe, and that moreover 
it is developed near the shore makes it one of the most characteristic organisms 
in the coastwater. The time of its occurrence in the open sea at the different 
latitudes and its gradual distribution are clear proof of its vast diffusion and 
of its passive wanderings. At the period when it has its greatest distribution, 
in the months of August and September, it extends from the coast to more 
than 250 miles out to sea, and from the North Sea to Spitsbergen.’’ Diese 
Beschreibung erregt den Eindruck, dass die Quallen direkt von der Nordsee 
nach Spitsbergen gefiihrt wurden, was, wie wir unten sehen werden, un- 
méglich ist. Die Tiere wiirden dabei aber zugleicherzeit 450 km von der 
Kiste hinweg ,,diffundieren’”’ und wenn die Angabe, dass sie nur in unmittel- 
barer Nahe der Kiiste geboren werden, richtig ist, so steht in diesem Fall 
fest, dass eine Strecke von mindestens 450 km zuriickgelegt wurde. Wieviel 
grosser die Entfernung eventuell sein mag, wissen wir aber nicht, da die 
Tiere vermutlich nicht senkrecht von der Kiiste weggefiihrt werden. — 
BicELow (1928, p. 359-360 und 363) gibt 4hnliche Wahrnehmungen fiir 
Cyanea capillata und Aurellia aurita an der amerikanischen Ostkiiste, die aber 
etwas ganz anderes besagen. Zunachst ist wichtig, dass er aus der Verbreitung 
der jungen ‘Tiere zum Schluss kommt, dass die Cyanea-Meduse nicht nur in 
unmittelbarer Nahe des Landes in sehr untiefem Wasser geboren wird, 
sondern “that this medusa is equally able to pass through its scyphistoma 
stage in depths of from 30 to 70 meters”, wahrend Aurellia nach ihm aus- 
schliesslich in sehr untiefem Wasser vorkommt, “probably never deeper than 
20 meters or so’’. Das besagt, dass die Annahme von Damas fiir Cyanea 
unrichtig sein diirfte. Zweitens geht aus den Wahrnehmungen BiGELows 
hervor, dass weder Cyanea capillata noch Aurellia aurita in der Golf von Maine 
sehr weit von der Kiiste wegtreiben. “Cyanea hugs the coast of the Gulf 
of Maine much more closely than it does the Norwegian coast, where it 
may drift as much as 250 miles out to sea with the current by September 
(Damas, 1909). We found Cyanea similarly restricted to the coastal zone 
within the 100-meter contour from New York southward to Chesapeake 
Bay during our summer cruises of 1913 (a warm year) and 1916 (a cold 
year).”” “There is nothing in our records to suggest that Cyanea disperses 
any more widely over the central portion of the gulf in autumn than in 
summer, and although it is so wide spread in the peripheral zone of the 
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gulf and so plentiful at times near shore, we have never found it in any 
abundance more than a few miles outside the outer headlands except on 
the offshore banks as just noted.’? Und von Aurellia sagt BicELow dann: 
“Although Aurelia is so universally plentiful along the coast line of the gulf, 
it seldom strays more than a few miles offshore. We have only two records 
of it more than 15 miles from the nearrest land, and only more than a mile 
or two outside the 100-meter contour (fig. 100). Thus its distribution is more 
strictly coastwise than that of the red jellyfish (Cyanea, p. 357)’. Sogar in 
dem Fall von Damas’ Cyanea also, mag die Angabe falsch sein, weil er wahr- 
scheinlich die Méglichkeit, dass Cyanea auch in tieferem Wasser erzeugt 
werden kann, ausser Acht gelassen hat. Auch fragt man sich, weshalb wohl 
Cyanea, nicht aber Aurellia so weit ausserhalb der Kiste von Norwegen 
geraten sollte; uber letztere Art spricht DAmAs namlich nicht. Es ware aber 
denkbar, dass die eine Art sich einem solchen Transport widersetzt, die 
andere Art nicht, vergleiche das nachste Kapitel. Das kénnte man auch 
aus der folgenden Mitteilung von HareitT (1902, p. 555) schliessen, wenn 
er das Vorkommen von Aurellia, Cyanea und Dactylometra bei Woods Hole 
im Juli und sogar im August beschreibt. ‘““That these were not an isolated 
few left over from the earlier numbers of April and May is evident in that 
many were taken in the open waters of Vineyard Sound, and even in the 
open sea far from land in the region of the Gulf Stream, mostly of the genus 
Cyanea. They may have been caught up by southward currents from a more 
northern locality along the coast of Maine or beyond, and carried to these 
southern ranges.’ — Eine Angabe iiber das Hinaustreiben von Aureilia wird 
von ALLEN gemacht, leider aber gibt es nur die kurze Bemerkung in Plymouth 
Marine Fauna (p. 85): “carried out into the Channel towards the end of 
the summer’’. 

Sogar diese Falle einer Beférderung von der Kiste hinweg geben also 
wenig Anhalt fiir die Berechnung der abgelegten Strecken. Umso weniger 
werden die Falle eines Transports der Kuste entlang dies tun, wo man mit 
der Schwierigkeit zu kampfen hat, dass man nichts sicheres iber das Vor- 
kommen der Polypengeneration der betreffenden Tiere weiss. 


_ Es versteht sich, dass die Geschwindigkeit der Wasserstromung 
bei solchem Transport die Hauptsache bildet. Da der Strom in 
Kiistennahe in der Regel viel mehr an der Kiiste entlang als 
von der Kiiste hinweg gerichtet ist, miissen auch die von den 
Quallen zuriickgelegten Abstande langs der Kiiste im allgemei- 
nen viel grésser sein als von der Kiiste hinweg. Es waren beson- 
ders die Skandinavier, deren Meeresstudium schon so lange auf 
grosser Hohe stand, die sich den enormen Einfluss der Meeres- 
stromungen realisierten und dem Transport durch den Strom 
Rechnung trugen. Zweifellos unter deren Einfluss kam Damas 
zum oben genannten Schluss, dass Cyanea direkt von der Nordsee 
bis nach Spitsbergen transportiert wird. “Born in the spring they 
have already taken possession of the Skagerack by the month 
of May, and we find that in this region of the sea all the fry 
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belonging to the three species of the fish we have mentioned 
(gemeint sind: Schellfisch, Kabeljau und Wittling, deren Jungen 
Schutz unter die grossen Cyanea suchen) have by then repaired 
to them. This swarm of Medusae, that is swept along by the 
Baltic current, sees the light of day in the North Sea west of 
Jylland; and after sojourning for a while in the Skagerack it 
shapes its course along the coast of Norway on its way to the 
north. So far as we can discover it receives at all latitudes fresh 
accessions of individuals that have been born along the coast; since 
everywhere we encounter young specimens, and everywhere a 
few of the jellyfish are drawn in towards some place orotheron . 
the shore where they die giving the life to their issue’? (Damas, 
p- 103). Es sei sogleich darauf hingewiesen, dass DAMAs, wenn 
stets neue Medusen hinzutreten, natiirlich nie beweisen kann, 
wie lange der Reiseweg jeder ist. Weiter hat er sich nicht reali- 
siert, dass das Wasser ungefahr ein Jahr braucht um von Siid- 
Norwegen nach den Lofoten zu kommen. — Cyanea lamarckii aber 
(Damas, 1909, p. 103-104) scheint auf dem ersten Blick besser 
zu gebrauchen: “This organism, which is abundant in the 
Channel, penetrates every summer into the North Sea and 
Skagerack. It is seldom met with in the deep part of the North 
Sea outside the 80-meter curve. It rarely advances further than 
the Skagerack, and it is only exceptionally met with on the west 
coast of Norway in the latitude of Bergen. Its distribution brings 
us into contact with the fry of the southern gadoids, Gadus 
minutus (poor-cod), Gadus luscus (whitingpouts) and Gadus polla- 
chius (pollack)”. “In our waters this form and the plankton of 
which it furnishes the best example are clear proofs of the 
influence of water that has passed the North Sea. They testify 
accordingly to the possibility that fry can even come from those 
southerly regions”. Aber auch dieses Beispiel einer langen Reise 
halt einer Kritik keinen Stand, denn wir haben schon gesehen, 
dass lamarckit sich zahlreich fortpflanzt bei Helgoland, als palm- 
struchit im Skagerrak lebt und, wer weiss, als Scyphistoma an 
der norwegischen Westkiiste vorkommen mag. Der Fehler ist 
also, dass Damas die genaue Verbreitung der Polypengeneration 
oder der jungen Quallen oder die Wachstumsgeschwindigkeit der 
Medusen nicht kannte oder diese Kenntnisse nicht benutzte. 
Seine Voraussetzungen sind also auch hier falsch. 

Wie schon gesagt waren Damas’ Auseinandersetzungen seiner- 
zeit nicht neu. Schon Aurrvituius (1898 a) nahm fiir Chrysaora 
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und Rhizosioma eine Verfrachtung vom Englischen Kanal durch 
die Nordsee nach der schwedischen Kiiste an. Ganz auszu- 
schliessen ware diese Méglichkeit sicher nicht, wir miissen aber 
bei allen diesen Annahmen eine gréssere Vorsicht betrachten als 
meistens iiblich war und tut man das, dann ist ein Transport 
der Rhizostoma vom Englischen Kanal bis zur schwedischen 
Kiiste mindestens sehr unwahrscheinlich. Es kommt namlich, 
wie wir sahen, ausser der Str6mungsgeschwindigkeit des Wassers, 
ein zweiter Faktor hinzu: die Biologie der betreffenden Stadien. 
Das galt fiir Cyanea capillata und C. lamarckii, das gilt ebenso 
fiir Chrysaora und Rhizostoma. 

Wir fanden oben, dass Chrysaora und Rhizostoma nur in Jahren 
mit warmem Sommer bis in den November resp. Dezember 
hinein bei uns vorkommen. Das kesagt, wie wir schon sahen, 
dass die Ursache des spaten Verschwindens nicht in der Herbst- 
temperatur der betreffenden Jahre zu suchen ist, sondern in der 
hohen Temperatur wahrend der Strobilationsperiode im Som- 
mer. Mit andern Worten, die spat im Herbst noch anwesenden 
Tiere sind diejenigen, die am spatesten im Sommer geboren 
wurden; die friih geborenen Tiere sterben schon friiher, im Laufe 
des Sommers. Wir besitzen denn auch keinen einzigen Hinweis, 
dass die von uns studierten Quallen langer als 4 oder héchstens 
5 Monate am Leben bleiben. Nur wenn Cyanea capillata und 
Aurellia aurita bis tief in den Winter hinein vorkommen, ist 
es méglich dass sie alter werden, aber sogar dies ist nicht 
sicher. 

Diese Tatsache, dass der Lebenszyklus der betreffenden Tiere 
mit in Betracht gezogen werden muss, wurde schon 1900 von 
Gran betont (Hjorr & GRAN, 1900, p. 7-8, GRAN, 1900, p. 
25-26, vergleiche besonders Kramp, 1927, p. 225-227). Nichts- 
destoweniger wurde immer wieder dagegen gesiindigt, dass man 
entweder den hydrografischen. Verhaltnissen oder der Biologie 
der betreffenden Tiere nicht geniigend Rechnung trug. Sogar 
Kramp (1934), der selbst vor zu weiten Schliissen warnt, iiber- 
nimmt von seinen Vorgangern den Gedanken, dass die dani- 
schen Gewasser ihre siidlichen Medusen von ausserhalb der 
Nordsee angefiihrt bekamen, ohne mit der Méglichkeit zu rech- 
nen, dass sogar diese Reise schon zu weit ist. 

Andererseits beweist die relativ grosse Haufigkeit der Chrysaora 
und Rhizostoma in den danischen Gewassern im Jahre 1933 
(Kramp, 1934), besonders das Vorkommen der Rhizostoma im 
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Kattegat bis Seeland — wie tibrigens geniigend bekannt war 1) — 
dass diese Medusen weit mitgefiihrt werden kénnen. Es ist wohl 
ausgeschlossen, dass sie in diesen Gewdssern als Medusen ent- 
stehen sollten, dass es im Winter 1933-34 da also eine Polypen- 
generation gegeben hatte. KRAMP (1927, p. 235) hat zwar auf 
die interessante Tatsache hingewiesen, dass bei den Hydrozoa 
(und gleiches gilt fiir die Scyphozoa) eine Medusenart in einem 
bestimmten Jahr indigen sein kann, wahrend sie es ein folgendes 
Jahr gar nicht ist. Und RussELL (1938 a, p. 415) ist diesem 
Gedankengang noch etwas weiter gefolgt, indem er darauf hin- 
wies, dass eine Polypengeneration unter giinstigen Verhaltnissen 
sich irgendwo ansiedeln kann, dann aber in den nachstfolgenden 
Jahren allmahlich verschwinden wird wenn die Verh4ltnisse 
wieder ungiinstiger sind. Was Rhizostoma betrifft, so wollen wir 
aber annehmen, dass das Vorkommen der Polypengeneration in 
der Nahe von Skagen ausgeschlossen ist, da diese Art es als Me- 
duse nur selten so weit in nordlicher resp. éstlicher Richtung 
bringt. Es bleibt dann aber die Frage von wie weit her die Tiere 
denn wohl stammen. KrRaAmp (1934, p. 212) nimmt, wie AuRI- 
VILLIUs, an, dass sie aus dem Englischen Kanal kommen. 
“Rhizostoma octopus is common off the Atlantic coasts of France 
and in the English Channel, where it is indigenous. Its occurrence 
off the Belgian coast is very irregular, and most probably it is 
not indigenous in the North Sea, but is carried in through the 
Straits of Dover.’ “The ingoing Channel water with its content 
of Medusae and other pelagic organisms keeps itself in the middle 
of the area between the coasts of Belgium, Holland and England, 
and the resulting current proceeds south of the Dogger Bank 
towards the west coast of Jutland where it constitutes part of 
the so-called Jutland Current. Rhizostoma octopus belongs to this 
“Channel water’, and as a rule some few specimens are observed 
off the west coast of Jutland and in the western part of the Lim- 
fjord in the autumn, but it rarely proceeds into the Skagerak.” 

Wenn wir uns nun aber fragen was Stromgeschwindigkeits- 
messungen in der Nordsee dazu sagen, dann wird die Sache 
wenig wahrscheinlich. Wir kénnen dazu zweierlei Angaben be- 
nutzen. Erstens Messungen mit dem Strommesser, wie sie auf 


1) Wie schon gesagt wurde in 1873 Rhizostoma nach Méstus sogar bei 
Kiel gefunden (Kramp 1934, p. 219). Auch das Vorkommen von Chrysaora 
und Rhizostoma im Oktober 1896 an der schwedischen Skagerrakktiste wurde 
oben schon genannt. 
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verschiedenen Feuerschiffen ausgefiihrt worden sind. Sie haben 
den Vorteil, dass den Unterschieden in der Wasserversetzung an 
verschiedenen Stellen Rechnung getragen werden kann und 
ausserdem ist der Windeinfluss in vielen der Angaben abstrahiert. 
Zweitens kénnen wir die Resultate der Treibflaschenexperi- 
mente benutzen. Diese haben den Nachteil, dass ihr Ergebnis 
immer mehr oder weniger global ist, ausserdem ist der Wind- 
einfluss nie genau zu schatzen. Fiir uns haben diese beiden Nach- 
teile aber einen gewissen Vorteil, da es sich erstens um so grosse 
Entfernungen handelt, zweitens es gerade einen gewissen Wert 
hat, wenn der Windeinfluss mit zum Ausdruck kommt. Denn 
Quallen, die sich im Oberflachenwasser aufhalten, werden, 
genau wie dieses, viel schneller mit dem Wind als gegen den- 
selben mitgefiihrt werden. Und es kommt fiir uns auf die gréssten 
Stromgeschwindigkeiten an, da diese bestimmen ob eine Art ein 
Gebiet erreichen kann oder nicht. 

Im Zusammenhang mit den Treibflaschenmessungen sei aber 
noch eines hinzugefiigt. Die Quallen konnen sich im Oberflachen- 
wasser aufhalten, tun das aber keineswegs fortwahrend. Die Ge- 
schwindigkeiten der Oberflachentreibflaschen sind representativ 
fiir die oberste Wasserschicht, die vom Wind unmittelbar be- 
einflusst wird (der ganz oberste Teil der Flasche ist sogar direk- 
tem Windeinfluss ausgesetzt). Das Wasser einige Meter unter der 
Oberflache (wieviel Meter hangt von der Starke des Windes ab) 
steht aber viel weniger unter Windeinfluss als die Oberflache 
selbst und die Héchstgeschwindigkeiten der Treibflaschen wer- 
den also im allgemeinen fiir Quallen zu gross sein !). Am besten 
ware es denn auch Verfrachtungsversuche mit etwas unter der 
Oberflache hangende Kérper (dragbottles) zu benutzen, da diese 
(vgl. Grtson, 1924 und CARRUTHERS, 1930) nicht so sehr vom 
Wind beeinflusst werden wie die Oberflachenflaschen und des- 
halb in ihrer Bewegung etwas besser als letztere den Quallen 
gleich kommen. Es sind aber nicht solche ausfiihrlichen Einzel- 


1) Harvey (1928, p. 103) ist der Meinung (und CARRUTHERS, 1930, p. 244, 
pflichtet ihm hierin bei), dass “the wind-blown surface particles, after 
travelling a short distance, sink, to be replaced by particles from below, 
and in this way translocation of water masses with particular characteristics, 
containing characteristic organisms, does not take place at anything 
approaching the speed of a floating object’’. Danach ware die Geschwindig- 
keit von Treibflaschen also sogar grésser als die von Organismen, die sich 
konstant im Oberflachenwasser aufhalten. 

28 
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heiten iiber ihren Transport in dem von uns studierten Gebiet 
bekannt wie fiir die Oberflachenflaschen. Deshalb werden die 
Resultate der Experimente mit letzteren hier benutzt. Zugleicher 
Zeit sei aber darauf hingewiesen, dass die Maximumgeschwindig- 
keiten fiir Treibflaschen von den Medusen gewiss nie erreicht 
werden. 

Als Ausgangspunkt sei der ausfiihrliche und wertvolle Beitrag 
CARRUTHERS’ (1925) tiber die Treibflaschenexperimente in der 
stidlichen Nordsee genommen. Nach diesen Ergebnissen variiert 
die mittlere Geschwindigkeit in nordéstlicher Richtung der 
,schnellsten’? Flaschen in den Monaten Marz bis Oktober von 
1.5 bis 2.5 Seemeilen taglich (ausgesetzt von Sandettie Leucht- 
schiff in der Doverstrasse) und 1.7 bis 4.2 Seemeilen taglich 
(ausgesetzt von Noordhinder Leuchtschiff in der siidlichen Nord- 
see). Die Geschwindigkeit in ostnordéstlicher Richtung ist 
etwas groésser, 2.1 bis 3.2 Seemeilen fiir die Flaschen von San- 
dettie, 1.8 bis 4.— fiir die Flaschen von Noordhinder. Das sind 
alles mittlere Geschwindigkeiten. Die héchsten Geschwindig- 
keiten fiir die schnellsten Flaschen in der Periode Marz-Oktober 
sind fiir Sandettie 2.7 (NO) und 3.9 (ONO) und fiir Noord- 
hinder 5.5 (NO) und 5.7 (einmal 7.1) (ONO). Fiir Nov._Februar 
sind die Werte bisweilen ansehnlich héher, bis maximal 9.7 See- 
meilen taglich im Dezember; der Wind spielt dann eine sehr 
grosse Rolle. Nehmen wir nun als Maximum fiir NO und ONO 
Flaschen in der Periode Marz—Oktober 5.5 Seemeilen taglich 
und als mittlere Geschwindigkeit 4.— Seemeilen an, dann finden 
wir, dass die Reise Dover-Skagen — mindestens 480 Seemeilen — 
fir die schnellsten Flaschen mindestens 87, im Mittel 120 Tage 
dauert. Wir kénnen also sagen, dass die Reise mindestens 3-4. 
Monate nimmt. Nehmen wir aber — was richtiger ist — eine 
mittlere Geschwindigkeit fiir die schnellsten Flaschen von nicht 
mehr als 3 Seemeilen im Etmal an, so dauert die Reise schon 
mehr als 5 Monate. Das bedeutet, dass Rhizostomas, die Anfang 
September bei Skagen gefunden werden, zwischen Anfang Juni 
und Anfang April siidlich von Dover starten miissten. Wenn aber 
die Temperatur im éstlichen Englischen Kanal in den Monaten 
Marz bis Mai geniigend hoch ist um Ephyren zu liefern, so 
kénnen sie ab Juni ebenso gut oder besser in der siidlichen Nord- 
see entstehen, es sei denn dass die Wintertemperaturen dort zu 
niedrig fiir das Uberleben der Scyphistomas sind oder dass die 
niedrige Salinitat ungiinstig fiir sie ist. Letzteres, obgleich wenig- 
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stens fiir bestimmte Jahre nicht wahrscheinlich, ware nicht 
auszuschliessen. 

Es weisen aber, wie schon gesagt, Funde von Jugendstadien 
mit Sicherheit auf die Bildung von Rhizostoma-Medusen in der 
stidlichen Nordsee hin. 

Erstens hat Strasny (1930) eine Beschreibung von postephy- 
ralen Stadien von der belgischen Kiiste gegeben. Strasny publi- 
ziert nur die Katalognummern dieser Exemplare, nicht Datum 
und Fundort. Aus einer von Herrn Professor vAN STRAELEN 
gegebenen Auskunft geht aber hervor, dass diese Tiere alle in 
den Monaten Juni und Juli in unmittelbarer Nahe der belgischen 
Kiiste gefangen wurden. 


Es handelt sich, so weit es die kleinen Stiicke betrifft, um die folgenden 
Exemplare: 


Grésse (mm) Nummer Datum Fundort Tiefe (m) 
5 3077. 20. VII. 1904 Querab Oostduinkerke 2.5 
5-8 (3 Ex.) 4351 20. VII. 1904 Querab  Raversijde 3.5 
7 4360 27. VI. 1907 Im Hafen v. Oostende Oberflache 
8 4337 21. WI. 1907 Im Hafen v. Oostende Oberflache 
9 4360 27. WI. 1907 Im Hafen v. Oostende Oberflache 
10 4350 1g. VII. 1907 Querab Mariakerke 4.5 
II 3076 20. VII. 1904 Querab Oostduinkerke 2.5 
12 (2 Ex.) 3077 20. VII. 1904 Querab Oostduinkerke 2.5 
13 4350 19. VII. 1907 Querab Mariakerke 4.5 


Fiir die kleinsten dieser Tiere ist es wahrscheinlicher, dass sie 
an der belgischen Kiiste geboren wurden, als dass sie aus dem 
Kanal stammen. 

_ Wie wir schon oben sahen, werden die Medusen auch bei Den 
Helder geboren. Da erscheinen, wenigstens in bestimmten Jah- 
ren, ab Anfang Juli zahlreiche kleine Rhizostomas. Solche Tiere 
bleiben vermutlich, zusammen mit grésseren, in grosser Zahl 
anwesend bis Ende August oder spater. Ein Teil dieser Tiere ist 
nicht grésser als 1 cm. 

Von noch mehr Bedeutung ist, dass auch die Umgebung von 
Helgoland junge Rhizostomen liefert. Stiasny (1928) hat ein 
Exemplar von 2.5—-3 mm beschrieben, am 23.—26. Juli 1895 bei 
Helgoland gefunden, 4 Exemplare von 3-18 mm Schirmbreite 
vom 26. Juli 1922 (,, Biisumfahrt”” Helgoland) und ein Stiick von 
18 mm vom 18. August 1924, Cuxhaven. Diese Tiere sind so 
jung, dass sie unméglich von siidlich von Dover stammen kénnen, 
denn die Reise Dover—Helgoland (270 Seemeilen) nimmt min- 
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destens 50-70 Tage in Anspruch und Tiere von bis 10 mm Grdsse 

sind wohl nicht alter als einen Monat. — Schliesslich fand KiinNE 
, (KRAMP, 1934, p. 214-217) im Juli 1925 bei Helgoland “one 
fairly small specimen’, wahrend er 1933 RAizostoma nicht nur 
schon Ende Juli fand, sondern auch (und zwar im September) 
“sehr viele in allen Gréssen’”’. Dies legt die Vermutung nahe, 
dass die Tiere im Jahre 1933, dem Jahr ihrer grossen Haufigkeit 
in den danischen Gewéassern, in grésserer Zahl bei Helgoland 
geboren wurden. 

Es fragt sich sogar, ob Rhizostoma nicht als Ausnahme noch 
nordlicher als Meduse entstehen kann. Es wurde oben schon ein 
Exemplar vom 12. Juli 1916 aus dem Oslofjord erwahnt (KRAmpP, 
1934, p. 213). Nach dem, was wir iiber die Zeit des Erscheinens 
in der siidlichen Nordsee hoérten, scheint es sehr unwahrschein- 
lich, ich méchte sagen ganz und gar unmodglich, dass das Tier 
aus Oslofjord schon so frith im Jahr aus der siidlichen Nordsee 
angefiihrt sein kénnte. Oslofjord mag im Herbst, nach den Be- 
obachtungen von CoLLETT (1905, p. 38-39), von nicht wenig 
Sardellen (Engraulis encrasicholus Cuvier) besucht werden und 
auch ein reifes Weibchen dieser Art aus dem Mai ist von dort 
bekannt. Auch andere siidlichen Fischarten wurden da mehr- 
mals gefunden, so ist das relativ 6ftere Vorkommen vom Schwert- 
fisch, Xiphias gladius L. (vergleiche CoLLETT, 1902, p. 50-53), 
auffallend, ebenso der Fang eines fliegenden Fisches: Cypsilurus 
heterurus (Rafin. Schmalz) (vergl. Bruun, 1938), u.s.w. Das be- 
sagt, dass der Fjord, wohl durch ihre Warme, giinstig fiir siidliche 
Tiere ist, und zwar gilt das, nach den Temperaturangaben, fiir 
das Oberflachenwasser, vgl. Hjort & Gran, 1900, table III d. 
Die genannte Rhizostoma kénnte also da geboren sein. 

Diese Tatsachen nun beweisen, dass die Rhizostomen der dani- 
schen Gewasser nicht von ausserhalb der Nordsee stammen kén- 
nen, sondern in ihr selbst geboren werden. Wir fanden namlich, 
dass Tiere, die Anfang September bei Skagen gefunden werden, 
zwischen Anfang April und Anfang Juni siidlich von Dover star- 
ten miissen. Es erscheinen aber bei Katwijk keine Rhizostomen 
aus dem Siiden vor dem August, solche Tiere kénnen also nie 
Anfang September die danischen Gewasser erreichen. Dagegen 
entstehen an der belgischen Kiiste, bei Den Helder und bei 
Helgoland junge Rhizostomen ab Juni oder Juli. Kramp findet 
Rhizostomen bei Hansholm und Hirtshals von Anfang Septem- 
ber an. Die Entfernung von Helgoland bis Hirtshals betragt 
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ungefahr 250 Seemeilen. Bei einer Wasserversetzung von 3-5.5 
Seemeilen taglich wird diese Entfernung in 83-45 Tagen zuriick- 
gelegt. Die Tiere von Hirtshals kénnen deshalb aus der naheren 
Umgebung von Helgoland stammen, sicher aber nicht von weiter 
stidlich, wahrscheinlich ist, dass auch weiter nérdlich in der Hel- 
golander Bucht noch Rhizostomen gebildet werden und dass 
es besonders diese Gebiete sind, die das Innere der danischen 
Gewasser mit Rhizostomen versehen. Dazu miissen aber zwei 
Bedingungen erfiillt werden. Es miissen erstens an den betreffen- 
den Stellen Scyphistomen vorkommen und zweitens miissen die 
Verhaltnisse geniigend giinstig fiir Strobilation und das Heran- 
wachsen der Ephyren sein. Das vermutliche Entstehen junger 
Quallen bei Helgoland im Jahre 1933 beweist wahrscheinlich, 
dass die Scyphistomen sehr niedrige Temperaturen vertragen 
kénnen, denn die Temperatur war im Winter 1932-33 etwas 
unter normal. Beschrankender Faktor ist also offenbar zunachst 
die Temperatur in der Periode der Strobilation oder des Heran- 
wachsens der Quallen. Nérdlich von Helgoland aber, wo die 
Medusen nicht jeden Sommer auftreten, beschrankt vermutlich 
auch das Fehlen der Scyphistomen das Entstehen von Quallen, 
denn wir diirfen annehmen, dass die Polypen nicht am Leben 
bleiben, wenn einige Jahre hindurch die Temperatur zu niedrig 
fiir die Strobilation bleibt, und es kénnen dann also, auch in 
einem warmen Sommer, keine jungen Quallen entstehen. Um- 
gekehrt méchte ich annehmen, dass eine Bildung von Ephyren 
in den Gewassern éstlich von Skagen, wenn es zwei heisse Som- 
mer nach einander und einen milden Winter dazwischen gibt, 
nicht unméglich sein muss. Auch das Vorkommen von Rhizostoma 
im Sommer im Oslofjord ware in dieser Weise zu erklaren. 
Alle die obigen Gedankengange gelten in der gleichen Weise 
fur die andere siidliche Art, Chrysaora. Fiir sie ist es nicht weniger 
sicher, dass sie in der siidéstlichen Nordsee “indigen’’ ist. Bei 
Den Helder sind, soweit ich mich ohne Notizen entsinnen kann, 
kleine Tiere ab Anfang Juli zahlreich. Was Helgoland betrifft, 
gibt Kinne (KRaAmp, 1934, p. 214) an, dass im Juli 1925 Quallen 
aller Gréssen, von 8 mm an, gefunden wurden. Solche Tiere 
sind noch keinen Monat alt und die Reise Dover-Helgoland 
nimmt, wie wir sahen, ungefahr zwei Monate. Schon KRaAmp 
(1934, p. 214) wies auf die Wichtigkeit der genannten Beobach- 
tungen in dieser Hinsicht hin '). Es wurde auch schon die Be- 


1) Merkwiirdig genug lasst er drei Jahre spater die Méglichkeit, dass sie bei 
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obachtung Kramps zitiert, nach der junge Tiere ab 3 cm Grosse 
Ende September und Anfang Oktober 1930 in der Nahe der 
Kleinen Fischer Bank und von Jutland Rev gefunden wurden 
(KRAMP, 1934, p. 216-217). Sie kamen ausschliesslich éstlich von 
6° dstlicher Lange vor. Diese Tiere brauchen nicht an der Stelle 
geboren zu sein, sie kénnten z.B. aus der Helgolander Bucht 
stammen, es ist aber ausgeschlossen, dass sie ausserhalb der Nord- 
see geboren wurden, denn Tiere von 3 cm sind héchstens 2 
Monate alt und die Reise dauert langer. — Auch die Beobach- 
tungen fiir Chrysaora besagen, wie niedrige Temperaturen die 
Scyphistomen vertragen kénnen, denn die Wintertemperaturen 
fiir die Deutsche Bucht sind die niedrigsten der ganzen Nordsee. 
Im Winter 1924—25 waren sie zwar auffallend hoch (GoEDECKE, 
1940, Zahlentaf. 3), die Februar-Temperatur muss aber in der 
Nahe von 5° C gewesen sein. Auch hier muss also die ftir die 
Strobilation oder das Heranwachsen der jungen Quallen nétige 
‘Temperatur der beschrankende Faktor sein. 

Wir kommen also zu dem Schluss, dass die Chrysaoren und 
Rhizostomen, die in den danischen Gewassern wahrgenommen ’ 
werden, nicht von ausserhalb der Nordsee stammen, sondern 
eine kiirzere Reise gemacht haben. Gleiches gilt natiirlich fiir 
Cyanea lamarckit aus den danischen Gewassern, von der Kramp, 
wie wir in Kapitel III hérten, annahm, dass sie zum gréssten 
Teil mit der jiitischen Strémung aus der siidlichen Nordsee an- 
gefiihrt werde. Eine solche kiirzere Reise muss aber von allen 
Tieren dieser Arten gemacht werden und so kommen wir auf 
den spaten Beginn der Periode des Vorkommens bei Katwijk 
zuriick, 

Wir fanden, dass Chrysaora eigentlich nur ausnahmsweise vor 
dem August bei Katwijk erscheint. Abgesehen von zwei Juni- 
tieren in 5 Jahren, wurde die Art nur im Jahre 1937 im Juli 
beobachtet, dieses Jahr zwar wahrend einiger Tage in grosser 
Zahl. Bei Den Helder erscheint Chrysaora aber schon Mitte Juni 
oder jedenfalls Anfang Juli. Die Tiere kommen in Katwijk also 
einen Monat spater als bei Den Helder zur Beobachtung. Wie 
schon behandelt wurde, nehme ich an, dass sie nach Katwijk aus 


Helgoland geboren werden, offenbar fallen, denn in seiner Bearbeitung der 
Medusen fiir Danmarks Fauna (1937) sagt er: ,,Den er hjemmehorende og 
meget almindelig i den Engelske Kanal og ved Belgiens Kyst og fores naesten 
hvert Efteraar med Strommen til Helgolandsbugten, men optraeder ikke 
regelmaessigt ved de danske Kyster’’. 
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dem Siiden angefiihrt werden. Da sie “im Siiden”’ vielleicht 
etwas friiher geboren werden als bei Den Helder, wiirde der 
Transport mindestens einen Monat in Anspruch nehmen. Wenn 
man nun wiederum mit den obengenannten Treibflaschenge- 
schwindigkeiten rechnet, findet man fiir die Reise von Dover 
bis Katwijk — ungefahr 120 Seemeilen — eine Dauer von min- 
destens 22-40 Tagen, in den meisten Fallen sicher mehr als 
einen Monat +). Es ist also fiir diese Tiere méglich, dass sie von 
ausserhalb der Nordsee kommen, aber auch die belgische Kiiste 
oder die Gewasser der hollandischen Provinz Zeeland kénnten 
sie liefern. Die zwei Juni-Tiere waren dann in der naheren Um- 
gebung von Katwijk geboren. Die Juli-Tiere von 1937, die auf- 
fallend gross waren, mégen an einem Kiistenteil siidlich von 
Katwijk, aber nicht so weit weg wie die anderen, geboren sein. 
Thre auffallende Grésse mag nicht nur mit ihrem Alter (vgl. p. 387 
u. 413 dieses Beitrags), sondern auch mit den ausseren Faktoren an 
dieser anderen Lokalitat zusammenhangen. 

Auch Rhizostoma erscheint bei Katwijk sehr spat, stets im 
August, offenbar meistens in der 1. Halfte dieses Monats. Bei 
Den Helder erscheint die Art schon im Juni oder wenigstens 
Anfang Juli. Auch sie erscheint also einen Monat spater bei 
Katwik als bei Den Helder und fiir sie gilt deshalb genau das 
gleiche. Mit einem Unterschied aber: dass bei Katwijk nie kleine, 
junge Tiere beobachtet wurden. Das ware so zu erklaren, dass 
Rhizostoma so schnell wachst, dass sie in ungefahr einem Monat 
(vielleicht auch etwas mehr) eine ziemliche Grésse erreicht. Das 
wiirde bedeuten, dass die an der belgischen Kiiste, bei Den 
Helder und bei Helgoland wahrgenommenen Jungen noch jiin- 
ger waren als wir annahmen, und das wiederum wiirde die 
Sicherheit erhéhen, dass diese Tiere nicht von weiter siidlich 
angefiihrt sein kénnen. 

Obgleich Chrysaora und Rhizostoma in grosser Zahl bei Den 
Helder geboren werden kénnen, miissen sie die Umgebung auch 
vom Siiden aus erreichen. Die Tiere aber, die Katwijk erreichen 
in der 1. Halfte des August, kénnen, unter Beriicksichtigung der 


1) Die Reise Dover-Hoek van Holland (ungefahr 100 Seemeilen) dauert 
mindestens 18-25 Tage, in vielen Fallen sicher mehr als einen Monat. Nur 
im Winter, bei starken SW Winden, kann diese Strecke bisweilen in 10 Tagen 
zurickgelegt werden, vgl. CARRUTHERS (1925). Nach ihm betragt die 
Geschwindigkeit der Oberflachentreibflaschen ungefahr 1/18 der Wind- 
geschwindigkeit (CARRUTHERS 1930). 
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Entfernung von 45 Seemeilen, erst 8-15 Tage spater bei Den 
Helder sein, mit andern Worten, Den Helder bekommt wohl 
keine Quallen von siidlich von Katwijk vor dem September. 

Rechnen wir jetzt, weil es sich um kleinere Entfernungen an einem 
Kiistenteil, wo gute Strommessungen vorhanden sind, handelt, nicht mit 
den Resultaten von Treibflaschenexperimenten, sondern mit Strommesser- 
resultaten, dann finden wir fiir die hollandische Kiiste zwischen den Leucht- 
schiffen Maas und Haaks (vAN DER STOK, 1905, p. 58), 15-20 km ausserhalb 
der Kiiste, eine Wasserversetzung von durchschnittlich 1) 5.4 bis 6.— km 
oder 2.9-3.2 Seemeilen taglich. Diese Messungen, bei denen der Wind- 
einfluss eliminiert worden ist, wurden ergeben, dass die Medusen die Strecke 
Katwijk—Den Helder (bis Eingang Westgat: ungefahr 80 km) im Mittel in 
14. Tagen zuriicklegen. Dieses Resultat stimmt ziemlich gut zu dem obigen. — 
Nach nicht publizierten Messungen des Rijks Waterstaat betragt die mittlere 
Wasserversetzung an der Oberflache bei I[Jmuiden 4 km ausserhalb der 
Kiste nur 3.4 km oder 1.8 Seemeilen per Tag. Das ergabe eine Reisedauer 
von durchschnittlich 23 Tagen. Die Hafendamme von [Jmuiden mégen hier 
Einfluss ausiiben, wahrscheinlich aber ist die Stromgeschwindigkeit naher 
an der Kiiste auch kleiner. 

Gabe es also zwischen Katwijk und Den Helder keine Scy- 
phistomen, so waren die bei Den Helder vor dem September 
beobachteten Medusen von Chrysaora und Rhizostoma indigen. Es 
ist aber sehr wohl méglich, dass [Jmuiden oder der schwere 
Seedeich zwischen Camp und Petten solche liefern. 

Zuletzt will ich noch auf die Herkunft der Quallen der Cyanea 
und Aurellia zuriickkommen. Natiirlich werden auch sie vom 
Wasser mitgenommen und iiber die gleichen Entfernungen wie 
die anderen Arten mitgefiihrt. Man méchte nun so gern wissen, 
ein wie grosser Teil dieser Medusen langs der hollandischen 
Kiiste mit dem Strom angefiihrt und welcher Teil da geboren 
wird. Dies ist leider eine Unméglichkeit. Es ist aber interessant 
sich auch hier zu tiberlegen, was die Wasserbewegung tut. Wenn 
unsere Annahme richtig ist, dass die Tiere im Frihjahr am 
Boden bessere Umstande abwarten, kann keine nennenswerte 
Ortsveranderung stattfinden bevor die Quallen die Oberflache 
aufsuchen. Sobald sie letzteres tun, werden sie mit dem Flut- und 
Ebbwasser vor der Kiiste nord- und wieder siidwarts transpor- 
tiert, wobei sie taglich im Mittel 5.7 km (sieh oben) nordwarts 
verschieben. Gibt es nun bald nach der Temperaturerhéhung 
Seewind, so kénnen sie nur sehr wenig weit mitgefithrt worden 
sein und es werden dann in Katwijk wahrscheinlich Tiere an- 
geschwemmt, deren Scyphistomen vor der Kiiste lebten. Bleibt 


1) Dieses Mittel ist Jahresmittel. 
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der Seewind aber langere Zeit aus, so muss Katwijk seine eigenen 
Medusen grésstenteils abgegeben und andere Medusen aus dem 
Siiden miissen Katwijk erreicht haben. Es miissen dann nach 
einiger Zeit viele Medusen von siidlicheren Kiistenstrecken bei 
Katwijk angeschwemmt werden. Gibt es nun Kiistenstrecken, 
wo weniger Medusen geboren werden als an anderen, dann 
konnen die Medusen schwarmweise Katwijk erreichen. Und sind 
die ausseren Einfliisse an den verschiedenen Kiistenstrecken etwas 
verschieden, so kénnen die Medusen wahrscheinlich auch die 
Spuren davon in ihrer Farbe oder Grésse mit sich tragen. In 
dieser Weise entstehen wohl die Unterschiede zwischen verschie- 
denen ,,Schwarmen’’, wie sie von VAN DER MAADEN beschrieben 
werden. Es gibt hier aber mehr Probleme als Tatsachen und ein 
schénes Arbeitsfeld wartet auf die Arbeiter. 


V. DIE VERTIKALEN BEWEGUNGEN UND DER EINFLUSS 
AUSSERER FAKTOREN 


Aus den oben mitgeteilten Wahrnehmungen geht hervor, dass 
die studierten Medusen regelmAssig in geringerer oder grdésserer 
Zahl in Bodennahe vorkommen. Obwohl die Max Weber-Fange 
vielleicht einen anderen Eindruck erwecken, ist diese Zahl im 
allgemeinen klein. Denn wenn das Schiff viele Quallen mit 
seinem Schleppnetz fangt, sind es deren 600 in einer Viertel- 
stunde. Legt es dabei eine Strecke von 1-2 km zuriick und neh- 
men wir an, dass die Breite der Offnung des Netzes beim Kurren 
ungefahr 10 m betragt, so gibt es hochstens 600 Quallen auf 
10.000 m2 Bodenflache, inklusive das Wasser dicht iiber dem 

‘Boden, was nur eine Qualle iiber 17 m? ergibt. Das ist also noch 
sehr wenig. Was aber auffallt ist, dass das eine Mal soviel mehr 
Quallen unten sind als das andere, und dass bisweilen viele unten 
sind, wenn es oben fast keine gibt. Obwohl wir im allgemeinen 
gar nicht wissen, wie die Hiufigkeit unten sich zu derjenigen 
oben verhalt, weisen Beobachtungen von Fischern und das An- 
schwimmen bei ablandigem Wind wohl darauf hin, dass _bis- 
weilen relativ grosse Zahlen sich in Bodennahe vorfinden miissen 
und die von VAN DER MAADEN (1942 b, p. 351) wiedergegebene 
Beobachtung besagt gleiches. 

Auch einige Angaben in der Literatur deuten auf die gleichen 
Tatsachen hin. 

GraEFrFE (1884, p. 341) sagt iitber das Vorkommen von Quallen 
im Golfe von Triest: ,, Die Acalephen sind, wie auch die Hydroid- 
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medusen, besonders an der Meeresoberflache zu finden, wenn 
die Nordostwinde reines klares Wasser in der Bucht geschafft 
haben. Scirocalwetter und Regen sind stets ungiinstige Witterung 
fiir den Fang dieser und der meisten pelagisch lebenden Thiere, 
mit Ausnahme der Copepoden welche stets das Meerwasser in 
allen Schichten erfiillen. Bei solchen Wetterverhaltnissen, die 
eine unreine mit vielem Siisswasser gemengte obere Schichte des 
Meeres erzeugen, ziehen sich die Acalephen in die Tiefe zuriick, 
wo sie sich an Algen und andere Gegenstande festklammern. Es 
gelang zuweilen mit dem Schleppnetz, die Thiere hervorzu- 
ziehen’’. Leider wird die Art (es kommen 5 Arten in Betracht) 
nicht angegeben und auch wird nicht gesagt, woraus gefolgert 
wird, dass die Tiere sich wirklich am Boden festgesetzt hatten; 
sie kénnten auch einfach am Boden liegen oder ganz dicht iiber 
dem Boden im Wasser schweben. — KrumBaAcH (1930, p. d 41) 
macht ahnliche Angaben: ,,Einzig und allein die Hochsee- 
Meduse Pelagia diirfte sich in allen Formen ihres Daseins ganz 
auf die oberste Schicht des Meeres beschranken. Von den iibrigen 
Schwimmern mag gelten, was Cort (1928) tiber die adriatischen 
Medusen sagt: sie schienen im allgemeinen im tieferen Wasser 
zu treiben; denn im Inhalte der am Grunde fischenden Schlepp- 
netze fanden sich oft solche Tiere, wahrend sie zu gleicher Zeit 
in den oberflachlichen Wasserschichten vollstandig fehlten”. — 
STIASNY (1921) zitiert von LENDENFELD, wo dieser sagt, dass 
Phyllorhiza punctata Von Lendenfeld und Crambessa mosaica (Quoy 
& Gaimard) ,,sich im Winter in der Tiefe, im Sommer vorziiglich 
an der Oberflache aufhalten, dass sie jedoch auch wahrend der 
warmen Jahreszeit in die Tiefe hinabsteigen, wenn das Wetter 
schlecht und stiirmisch ist”. ,,Besonders interessant”, sagt 
STIASNY, ,,ist eine Bemerkung iiber die Rhizostomen des Hafens 
von Sydney (vergleiche von LENDENFELD, 1884, p. 429): ,, Nicht 
allein treiben sie bei jedem Wetter an der Oberflache (bei Regen 
zumeist nur kranke Tiere, die nicht mehr tauchen kénnen), 
sondern sie finden sich auch in solcher Menge am Grunde, dass 
das ganze Dredgenetz éfters von ihnen derart gefiillt wird, dass 
man es gar nicht an Bord bringen kann, ohne sich der Gefahr 
auszusetzen, durch ein Zerreissen desselben alles zu verlieren’”’. 
Und aus einem anderen Beitrag von LENDENFELDs (1885, p. 
926) geht hervor, dass Crambessa mosaica bisweilen mit dem Trawl- 
in 10 bis 20 Meter Tiefe gefangen wurde. 

Es kann also kein Zweifel dariiber bestehen, dass die Medusen 
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unter bestimmten Umstanden in grosser Zahl in unmittelbarer 
Nahe des Bodens zu finden sind. Die Angabe FRANKELS (1925, 
p. 662, Fussnote), dass ,,diese Tiere (gemeint ist Rhizostoma) im 
freien Meer stets nur in den oberen Wasserschichten leben und 
niemals in die Tiefe steigen”’, ist denn auch unrichtig, sie wird 
wahrscheinlich, abgesehen von den hier gemachten Angaben, 
durch Expeditionsfunde oder Faunenlisten schon geniigend wi- 
derlegt. Ubrigens gibt Russexi (1928 a, table I, und 1931 ¢, 
table I) fiir Cyanea lamarckit genau die Tiefen an, in denen er die 
Tiere fand, und BicELow (1928, p. 360) erwahnt eine Beobach- 
tung, nach der am 23. Juli 1916 kleine Cyanea capillata an einer 
Station im Golf von Maine 30 m tief so zahlreich waren, “that 
one half hour’s haul with the 1-meter net... yielded 3 gallons 
of them”. — Was die friih in der Saison geborenen Tiere betrifft, 
so machten die Beobachtungen es, wie wir sahen, wahrscheinlich, 
dass diese sich wahrend der ersten Wochen nach ihrer Geburt 
in grosser Zahl in Bodennahe aufhalten. Fir diese gilt also in 
stark erhdhtem Masse, dass sie nicht stets an der Oberflache zu 
finden sind. 

Wir kommen also sicher nicht ohne den Schluss aus, dass die 
Medusen weniger Oberflachentiere sind als im allgemeinen an- 
genommen wird, und es fragt sich wie wir dieses Vorkommen 
teilweise an der Oberflache, teilweise tiefer, zu interpretie- 
ren haben. 

Wenn man iiber die Lebensweise der Medusen nachsinnt, fiihlt 
man darin sozusagen Inkonsequenzen. Die Hauptsache ist wohl 
die, dass die Medusen allererst Organismen des freien, offenen 
‘Wassers sind, dass sie, trotzdem, gerade langs den Kiisten sehr 
zahlreich vorkommen und demzufolge viel durch Anschwimmen 
vernichtet werden. Das stimmt nicht. Wenn man nun aber 
Damas’ Beschreibung der Verfrachtung von Cyanea liest, so fragt 
man sich, ob gerade dieses Anschwimmen nicht die Verbreitung 
der Tiere begiinstigen kénnte, indem es die Planulae in untiefem 
Wasser freimacht. “These larvae however do not attach them- 
selves and develop unless they find bottom along the coast. Many 
die on the way. Others escape destruction owing to the circum- 
stance that, when the parent Medusae are thrown mutilated and 
mangled in numbers upon the shore, they becone liberated and 
at once fasten themselves to stones and algae” (1909, p. 101). 
Eine 4hnliche Annahme findet man schon bei Acassiz (1862, 
p- 77), dem Damas seine Voraussetzungen entnommen haben 
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mag. Man kénnte die Sache also so sehen: Die Medusen bilden das 
Stadium der Art, das der Verbreitung dient, die Verbreitung ist 
hier nicht nur, wie bei so vielen festsitzenden Arten, den Larven 
(Planulae), sondern besonders den Geschlechtstieren, den Medu- 
sen, tiberlassen. Verbreitung durch Verfrachtung aber findet am 
besten statt, wenn die Wasseroberflache bewohnt wird. Die Ge- 
schlechtstiere miissen also Reaktionen haben, die sie nach oben 
fiihren. Die Oberflache mag aber unter bestimmten Umstanden 
ein ungiinstiges Milieu bilden, es ware also von Vorteil, wenn die 
Tiere auch im Stande waren die Oberflache wieder zu verlassen. 
Ich fiige hinzu, dass ich solchen teleologischen Gedankengangen 
wenig Wert beimesse, sie mégen aber als Einleitung zum Fol- 
genden doch einen gewissen Wert haben. 

Fragen wir uns also, wie wir das Vorkommen von Medusen 
mehr oder weniger abwechselnd an der Oberflache und tiefer zu 
verstehen haben, so liegen zwei Annahmen auf der Hand. Die 
erste ist, dass die Tiere aktiv, die zweite dass sie rein passiv (z.B. 
Dichteunterschieden wegen), Vertikalbewegungen ausfiihren. 


Eine kurze Durchsicht der Literatur tiber die Fortbewegungsméglich- 
keiten der Medusen zeigt uns, wie wunderliche Gange die Entwicklung 
unserer Einsicht in dieser Materie gemacht hat,und zum besseren Begriff 
von dem, was folgt, méchte ich die Sache kurz referieren. 

Anfanglich wurde angenommen, dass die wie Statozysten aussehenden 
Randkorper der Medusen, wie die Statozysten jedes anderen Tieres, dazu 
dienen das Gleichgewicht zu bewahren, und dass die Tiere, was auch logisch 
ware, sich also im Raum orientieren und gerichtete Bewegungen ausfiihren 
kénnen. Dann zeigte von Urxkiitt (fiir die altere Literatur siehe LEHMANN, 
1923, p. 322 ff) fiir Rhizostoma pulmo, dass wir in den Randkérperchen 
Receptionsorgane fiir mechanische Reize zu sehen haben ,,und weiter nichts”. 
Ihre Bewegung sollte die Erregung fiir die Pulsation liefern. Wir meinten 
wenigstens, dass er das dargetan hatte. ,,Der hohle Stiel des Randkérpers 
mit seinen Concretionen am freien Ende (die Statozyste also) gleicht dem 
Kléppel einer Glocke’’. ,,Bei jedem Schlag (der Meduse) werden die Rand- 
kérper hin und her bewegt. Dadurch erzeugen sie eine Erregung, die sich 
im Nervennetz verbreitet.”’ Yon UExkiin. betonte, dass Rhizostoma Reizen 
gegentiber ihre Bewegungsrichtung nicht andern kénne, sie werde aus- 
schliesslich von der Form der Tiere bestimmt. Im Zusammenhang damit ist 
LeuMAnns Aussage, p. 355-357, lesenswert. Wahrend von UExktiLt aber 
1g01 annahm, dass Rhizostoma gar nicht im Stande sei gerichtete Bewegungen 
auszufithren, schrieb er 1921, dass die Meduse, weil schwerer als das Wasser, 
dauernd pulsieren miisse, um sich an der Oberflache zu halten. ,,Der schwere 
Stiel sorgt dafiir, dass die Richtung ,,Schirm oben’? dauernd erhalten bleibt 
und nach ausseren Stérungen bald wieder eingenommen wird” (p. 62). Letz- 
teres (die Anschauung wurde schon lange von BeTHE vertreten, man sehe 
besonders BreTHE, 1910) zeigte auch LEHMANN fir Cyanea und Chrysaora. 
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Die Erhaltung des Gleichgewichts kommt nach diesem rein mechanisch zu 
Stande, indem die ruhenden Tiere unten schwerer als oben sind. Dies an 
sich macht das Vorkommen von Statozysten nach LEHMANN schon unwahr- 
scheinlich, ausserdem aber glaubte er an befestigten sowie freien Tieren 
feststellen zu kénnen, dass bei den Medusen keinerlei kompensatorische 
Reflexbewegungen vorhanden sind. Die Randkérper waren nach ihm denn 
auch nur erregungsliefernde Organe und nicht der Erhaltung des Gleich- 
gewichts dienlich. LEHMANN bestatigte also die Angaben von UExkiiLts. 
Wenn die Tiere aber fortwahrend rein mechanisch in die Vertikallage 
zuruckgleiten, so bleibt von der ungerichteten Fortbewegung nicht viel 
ubrig, da sie schon rein passiv eine Richtung erhalten. Dann hatten sie aber 
zugleicherzeit nur eine Richtung, namlich die vertikale. FRANKEL (Fussnote, 
p. 662) wies aber schon darauf hin, dass dem nicht so ist und ,,dass wir die 
Rhizostomen im Aquarium wie auch im freien Meere gew6hnlich in einer 
von der “Normallage’? abweichenden Richtung geradlinig schwimmen 
sehen.”’ In der Tat sehen wir die Quallen, wie auch FRANKEL erwahnt, nahe 
der Oberflache sehr oft geradlinig horizontal schwimmen. 

Von UEXKULL betonte, dass die Bewegungsrichtung von Rhizostoma aus- 
schliesslich von der Form der Tiere bestimmt werde. In der Tat beschrieb 
FRANKEL, wie die Medusen immer entweder geradlinig oder in gebogenen 
Bahnen schwimmen und zwar weil einerseits der schwere Stiel, andrerseits 
die Form der Glocke die Bewegungsrichtung bestimmt. Die Tiere, die ein 
Defekt haben oder asymmetrisch sind, schwimmen nach ihm in gebogenen 
Bahnen. Das gleichmassige Pulsieren an sich bewirkt also Geradlinigkeit 
der Bahn und es ist wahrscheinlich, dass diese Geradlinigkeit fiir die Medusen 
von Wert ist, da sie sonst fortwahrend korrigieren miissten, sich unten. Es 
sei aber sogleich hinzugefiigt, dass diese Geradlinigkeit der Bahn mit dem 
eventuellen ,,Ungerichtetsein’? der Bewegungen natiirlich nichts zu 
schaffen hat. 

Von UEXKULL und LEHMANN kamen, wie wir sahen, zum Schluss, dass 
den Medusen Gleichgewichtsorgane fehlen. Von FriscH (1924) und FRANKEL 
(1925, p- 659 und 681) wiesen aber darauf hin, dass LEHMANNs Versuche 
nicht beweisend sind, da es sehr wohl moglich ist, dass ein Schwerereiz erst 
beim Hinzutreten bestimmter 4usserer Bedingungen eine gerichtete Aussere 
Einstellung des Organismus auslést. In der Tat wurde dies von FRANKEL 
bewiesen. Er zeigte fiir Cotylorhiza tuberculata (Macri) (eine Verwandte von 
Rhizostoma) und fiir Rhizostoma pulmo, dass die Randorgane Gleichgewichts- 
funktion haben und dass die Tiere fortwahrend Kompensationsbewegungen 
ausfiihren, die sie in die Normallage zuriickftihren. Auch Tiere ohne Magen- 
stiel, die also nicht rein mechanisch ihr Gleichgewicht erhalten, nehmen 
fortwahrend die Vertikalstellung ein, die fiir Cotylorhiza (im Gegensatz zu 
dem, was bei Rhizostoma der Fall ist) charakteristisch ist; Rhizostoma, die 
meistens nicht vertikal schwimmt, nimmt nach Abschneiden des Magenstiels 
die Lage Exumbrella oben ein. FRANKEL glaubte aber zu gleicher Zeit, dass 
an der Erregung liefernden Funktion der Statozysten nicht zu zweifeln sei; 
sie sollten also auch die rhythmische Pulsation besorgen. Dann aber zeigte 
Bozter (1926 a), dass die Rhythmik der Medusenglocke nicht von den 
Statozysten geliefert wird, sondern bei Rhizostoma offenbar vor allem an die 
Ganglien an der Basis der Randorgane oder (vergleiche 1926 b, p. 800-801) 
die anderen Teile des Nervensystems gebunden und ,,autonom”’ ist. Die 
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Statozysten haben nach ihm nur Gleichgewichtsfunktion!). Aus seiner 
Beschreibung geht wahrscheinlich auch hervor, dass die Medusen unter 
bestimmten Umstanden geotaktisch reagieren, was VON FRiscH und FRANKEL 
schon fiir sehr wahrscheinlich hielten. Das geschieht zum Beispiel (p. 45) 
unter Einfluss von starkem Licht, wobei die Tiere nach unten fliehen. Damit 
sind wir da angelangt, wo wir anfingen: da wo wir einen Einfluss der Um- 
gebung auf die Schwimmbewegungen der Quallen, von Von UExkwtLL 
geleugnet, annehmen diirfen. . 

- Bauer (1927) hat darauf versucht diesen Einfluss der Umgebung auf die 
Bewegungen und zwar besonders auf die rhythmische Pulsation 6kologisch 
zu verwerten. Sein Beitrag pefasst sich hauptsachlich mit der Autonomie 
der rhythmischen Erregung und dem hemmenden oder fordernden Einfluss 
verschiedener dusserer Reize auf den Schlagrhythmus, auf den ich weiter 
unten zuriickkomme. — Schliesslich hat HoRsTMANN (1934) in zwei Beitragen 
eine Zusammenfassung uber die Rhythmik und Reaktionen der Cyanea 
capillata und Aurellia aurita gegeben. Fir uns ist daraus hauptsachlich von 
Interesse, dass Aurellia Lichtreize mit Anderung der Pulsationsfrequenz 
beantwortet und dass die Lichtperception durch die Pigmentflecke erfolgt. 
Cyanea, die diese Flecke nicht besitzt, hat nach Horstmann die Reaktion 
nicht (vgl. aber die unten zitierten Beobachtungen von Damas und 
ALEXANDER AGASSIZ). 

Rekapitulieren wir die Sache ganz kurz, so ergibt sich folgendes. Die von 
uns studierten Medusen nehmen rein mechanisch eine Vertikalstellung ein, 
Scheibe oben, Mund unten. Diese muss zum Erfolg haben, dass sie als Folge 
des ununterbrochenen rhythmischen Pulsierens zur Wasseroberflache ge- 
bracht werden. Dies wird weiter dadurch erméglicht, dass sie, wenn nicht 
defekt, geradlinig schwimmen. Unter Einfluss bestimmter Reize kénnen sie 
ihre Richtung andern und zum Beispiel horizontal schwimmen. Dabei 
treten unter Einfluss des Schwerkraftreizes Kompensationsbewegungen auf, 
die die Tiere in die Vertikalstellung zuriickzufiihren versuchen. Die Horizon- 
talbewegung wird also das Gleichgewichtsresultat von Schwerkraft- und 
anderen Reizen reprasentiren, wie das fiir so viele Tiere unter Ahnlichen 
Umstanden gelten soll, vgl. besonders BerHE (1910). FRANKEL (p. 678-679) 
hat diese kontinuierliche Korrektion an einer mit Bleidraht beschwerten 
Cotylorhiza demonstriert. 

Der Verlauf dieser physiologischen Untersuchungen fiihrte sehr weit von 
der Natur fort. Und so hatte man am Ende zu beweisen, dass Tiere ihre 
Bewegungsrichtung dusseren Reizen zufolge iiberhaupt andern kénnen. Es 


') Interessant ist, dass nach BozLeR (1926 b, p. 802) bei Pelagia der 
wirksame Reiz zur Auslésung von Kompensationserscheinungen der Druck 
des Randkérpers nach der exumbrellaren Seite, wahrend es bei Cotylorhiza (und 
Rhizostoma?) der Druck nach der subumbrellaren Seite ist. Dies wurde damit im 
Zusammenhang stehen, dass Cotylorhiza ,,negativ geotaktisch reagiert’’, 
Pelagia positiv, sieh unten. HorsTMANN (sieh unten) findet aber bei Aurellia 
und Gyanea nicht immer dieselbe Reaktion: bei Aurellia war in allen Fallen 
(mit Ausnahme eines) der Druck des Randkérpers nach der exumbrellaren 
Seite reizauslésend, bei einem Tier war das Umgekehrte der Fall; bei Cyanea 
zeigte sich keine durchgingige Ubereinstimmung. Auch das negativ oder 
positiv geotaktische ,,Reagieren”’ ist nicht konstant, vergleiche unten. 


DIE PERIODIZITAT IM AUFTRETEN, USW. 453 


ist denn auch geradezu komisch zu denken, dass eine ganze Gruppe von 
Forschern, die sich mit der Bewegungsphysiologie der Quallen beschaftigten, 
das Bestehen der Vertikalbewegungen einfach nicht kannten und den Tieren 
jede Orientierungsméglichkeit absprachen, wahrend es daneben einen 
RussELL gab, der, unberiihrt von diesen Gedanken und mit dem Meere 
vertraut, die Vertikalbewegungen dieser herrlichen Gesch6pfe untersuchte, 
weil er an ihrer Existenz keinen Moment zweifelte. 

Fragen wir uns zuletzt, was dies Alles im Zusammenhang mit 
den Vertikalbewegungen der Medusen sagen mag. Dabei sei 
nicht nur der richtende Einfluss der verschiedenen Milieufaktoren, 
wovon oben die Rede war, besprochen, sondern auch ihr Einfluss 
auf die Pulsationsfrequenz, die die vertikalen Bewegungen mit 
bestimmt. Letztere sollen eben Hauptsache fiir uns bleiben. 

Fiir die Beantwortung obiger Frage interessiert uns zweifellos 
‘das Licht an erster Stelle. Zahlreiche Planktontiere schwanken 
um ein bestimmtes Lichtoptimum, verschieden nach ihrer Art 
und eventuell nach der Jahreszeit oder nach Alter und Geschlecht 
der Tiere, vergleiche besonders die schénen Arbeiten von 
RussELL (an erster Stelle RussELL, 1926 b und 1927). Das macht 
wahrscheinlich, dass auch die Bewegungen der Medusen unter 
dem Einfluss des Lichtes stehen und dass diese Tiere deshalb 
nicht nur an der Oberflache, sondern auch tiefer gefangen werden. 
Das Bestehen solcher Bewegungen bei den Scyphomedusen ist 
um so wahrscheinlicher, weil auch eine Anzahl Hydromedusen 
Vertikalwanderungen abhangig vom Lichte ausfiihrt (vgl. be- 
sonders RussELL, 1925, ’28 a und ’31 c), obgleich offenbar, was 
den Besitz von Lichtsinnesorganen betrifft, ein grosser Unter- 
schied zwischen den Hydro- und Scyphomedusen besteht 
(LEHMANN, p. 362-382). Schon Damas (1909, p. 42-43), wenn 
er das Zusammenleben von jungen Gadus merlangus mit Cyanea 
capillata beschrieb, wies auf den Einfluss taglicher vertikaler 
Bewegungen der Medusen auf das Vorkommen der Wittlinge 
hin. Les migrations verticales ,,sont particuliérement marquées 
par les jours de ciel clair et paraissent dirigées par un photo- 
tropisme accentué. Pendant les heures du jour, les méduses et 
leurs hétes sont absents de la surface, on a peine a les découvrir 
a une dizaine de métres de profondeur. Elles remontent au 
crépuscule. Aprés une journée de calme parfait, durant laquelle 
il n’a été possible de découvrir aucun signe de vie a la surface, 
on peut assister, 4 la tombée de la nuit a un spectacle qui donne 
une idée de l’abondance des méduses et en conséquence du jeune 
merlan. Aussi loin que l’oeil peut porter, la mer semble frappée 
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par une pluie abondante et silencieuse. Cet effet est du aux 
méduses choquant la surface 4 chaque contraction du disque’. 
BIGELOw (1924, p. 358) schreibt von jungen Cyanea: “Alexander 
Agassiz (1865, p. 45) saw great numbers of them measuring 1/, 
to 3 inches in diameter on the surface in Provincetown Harbor 
in the early morning, all, however, sinking as the sun rose”’,... 
Weiter sagt BAUER (p. 64), er habe wiederholt beobachten k6én- 
nen, ,,dass bisher unsichtbare Rhizostoma- und Pelagia-Schwarme 
bei bedecktem Himmel an die Oberflache kamen’. Auch die 
oben genannten Beobachtungen von BozLer an Rhizostoma 
weisen auf das Bestehen von Vertikalbewegungen unter dem 
Einfluss des Lichtes hin, obgleich sie, beilaufig, an nur zwei 
Tieren gemacht wurden. Schliesslich weist auch die Tatsache, 
dass die Pulsation der Aurellia nach HorsTMANN vom Licht sti- 
muliert wird, wobei die Pigmentflecke eine Rolle spielen, auf 
Lichteinfluss hin; seine Beobachtungen sind aber fiir das Vor- 
kommen draussen nicht leicht zu verwerten. 

Einer der wenigen, die griindlich versucht haben, diesen Zu- 
sammenhang zwischen der Tiefe des Vorkommens der Plankton- 
tiere draussen und der Lichtintensitat aufzuklaren, ist RussELL 
gewesen. Die Zahl der von ihm gefangenen Cyanea lamarckii und 
Aurellia aurita (RussELL 1928 a, p. 86) war aber zu klein, um 
etwas tiber die Veranderungen ihrer Vertikalverbreitung auszu- 
sagen. Und solange keine besseren Beobachtungen vorliegen, 
k6énnen wir die Sache nicht fiir abgetan halten, besonders wegen 
der Angaben, die einigermassen gegen einen solchen direkten 
Einfluss des Lichtes sprechen. 

Acassiz (vgl. Acassiz & MAYER, 1898, p. 5) gibt namlich fiir 
Dactylometra quinquecirra (Desor) folgendes an. “It is somewhat 
strange that almost all of the Medusae which have been observed 
were found in the brightest sunshine only, or in very dark nights. 
Early in the morning, and until about ten o’ clock, even on clear 
days, medusae do not make their appearance, while from eleven 
until one or two o’ clock they can be caught in abundance. After 
this time they disappear gradually, and late in the afternoon it 
is rare to see a single jelly-fish. Between nine and ten o’clock 
they come to the surface again; and that hour, in fact, is one of 
the most favorable for collecting in spite of the darkness”. Fiir 
Dactylometra lactea (Eschscholtz) machen Acassiz & MAYER (p. 7) 
die folgenden Angaben. “The habits of this medusa are remark- 
able for their extreme regularity; during the morning hours not 
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one of them is to be found, while at about four o’ clock in the 
afternoon they suddenly appear in large numbers, and remain 
swimming near the surface until long after nightfall.”? Merk- 
wiirdig genug schreibt MAyER (1900, p. 69) genau das gleiche 
fiir Aurellia habanensis Mayer [= Aurellia aurita (L.), vergl. MAYER 
1910, p. 623], so genau, dass man sich fragt, ob hier vielleicht 
ein Irrtum vorliegt: “While in Havana Harbour in February, 
1893, we had the opportunity of observing the curious habits 
of this medusa. During the morning hours not one was to be 
seen, but at about four o’ clock in the afternoon they began to 
appear in great numbers, and continued to be seen until long 
after nightfall.”’. Wie dem auch sei, offenbar machen diese Me- 
dusen teilweise aus anderem Grunde als nur des Lichtes wegen 
vertikale Bewegungen. — Weiter bekommt man von unseren 
eigenen Medusen den Eindruck, dass sie an sonnigen Tagen eher 
die Oberflache als die Tiefe aufsuchen und 4hnliches schreiben 
die HARGITTs (1910, p. 220). “So far as we have been able to 
observe there is no distinguishable influence of light or darkness 
in the movements of these medusae. We have found them under 
all conditions of light — early morning, late twilight, the full 
glare of mid-day sun, indeed so common is Cyanea in this full 
sun glare that it is commonly designated by fishermen as the 
“sun scald”.”? Und Ucutpa (1926, p. 52) gibt fiir die Rhizosto- 
mide Mastigias papua L. Agassiz ahnliches an. “It is to be noted 
that many ephyrae could be captured at bright noon time, but 
none at night. This is related to the presence of the yellow cells 
(Ucutpa means the zooxanthellae) which are imbedded in the 
jelly, and a similar case is reported for pelagic actinian larvae 
of Zoanthina by Conklin (1908).” “The adults are also found 
abundantly at noon time on sunny and calm days. They lie 
mostly motionless and swim only from time to time in the inner- 
most part of the calm cove where there is no current. When it 
rains or blows hard, they descend to a greater depth and can 
not be observed from the surface.” — Diese Beobachtungen tiber 
ein eventuelles Erscheinen einiger Arten bei Sonnenschein *) 


1) Es sei hinzugefiigt, dass Acassiz, der oben im Zusammenhang mit dem 
Verschwinden junger Cyanea bei Sonnenaufgang zitiert wurde, fiir Aurellia 
flavidula Pér. & Lesueur Angaben macht, die den Wert der fiir Cyanea ge- 
machten Angaben stark herabsetzen. Seine Schliisse tber den Einfluss 
Ausserer Faktoren auf das Vorkommen der Tiere sind ungentigend kritisch 
(vergl. Acassiz, 1862, p. 76). 
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stimmen mit unseren in Kapitel III gemachten Angaben iiber 
das Erscheinen der Cyanea bei warmem Wetter iiberein. Denn, 
wie wir wissen, besagten sie, dass es hier wahrscheinlich Zusam- 
menhang mit der Temperatur, nicht mit dem Licht gebe. Dies 
braucht einem Lichteinfluss nicht zu widersprechen, es bedeutet 
aber wohl, dass der Temperatureinfluss dem Lichteinfluss unter 
bestimmten Umstanden iberlegen ist. Vermutlich liegt die 
Sache denn auch so, dass Licht und Temperatur beide Einfluss 
haben, dass die vertikalen Bewegungen vom Licht und von der 
Temperatur beide verursacht werden, wobei diese einander be- 
einflussen und die Temperatur oft Uberhand haben mag. Damit 
ist der Fall, ganz allgemein gesprochen, auf ein Beispiel zuriick- 
gefiihrt, wobei ein gewisser Faktor die Abhangigkeit eines Tieres 
von einem anderen Faktor beeinflusst. In diesem Zusammenhang 
sind, was Planktontiere betrifft, besonders der wertvolle Beitrag 
von Ross (1925) und die Angaben von RussELL (1926 b, p. 434- 
436, 1927, p. 252-254) von Interesse. 

In der obigen Besprechung des Lichteinflusses wurde unwill- 
kiirlich an einen richtenden Einfluss des Lichtes gedacht. Das 
Licht braucht aber nicht nur einen richtenden Einfluss auszu- 
iiben, es ist nicht unwahrscheinlich, dass es durch direkte Sti- 
mulation die Pulsationsfrequenz der Tiere und damit die Ge- 
schwindigkeit ihrer Bewegungen andert. In dieser Weise konnten 
auch die vertikalen Bewegungen beeinflusst werden. Es sind mir 
aber keine Wahrnehmungen in dieser Richtung bekannt. 

Auch die Temperatur hat wohl sicher einen doppelten Ein- 
fluss, einen richtenden und einen stimulierenden. — Uber den 
ersten ist mir nichts bekannt, die Annahme liegt auf der Hand, 
dass die Medusen an Grenzflachen zwischen warmeren und 
kiihleren Wasserschichten direkt ihre Richtung andern. So kénn- 
ten sie bei warmem Wetter, wenn das Oberflachenwasser scharf 
gegen das kaltere Tiefenwasser abgegrenzt ist, oben gehalten 
werden. — Was den oben erwahnten stimulierenden Einfluss der 
Temperatur betrifft, so ist langst bekannt, dass die Temperatur 
die Schlagfrequenz der Medusen Andert. Verlangsamung der 
Frequenz bei niedriger Temperatur kénnte ein Schweben oder 
Absinken, héhere Frequenz ein Heraufsteigen der Medusen zur 
Folge haben, was sie auch ohne Lichteinfluss in die Tiefe oder 
an die Oberflache bringen kénnte. Aus Tuitts Angaben (1937, 
p. 60-62) geht aber hervor, dass die Schlagzahl von Aurellia aus 
der Ostsee sich zwischen 9° und 17° kaum andert, dass Tempera- 
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turen unter 9g°einen regelmassigen Fall der Schlagzahl verursachen, 
wahrend auch iiber 17° die Schlagzahl fallt, erst wenig, dann 
uber 22° schneller. Und obgleich die Dauer der Temperaturein- 
wirkung hier unberiicksichtigt bleibt, und wir ausserdem nicht 
wissen in wie weit ahnliches fiir die Nordseetiere zutrifft, mag 
es sein, dass die Art in der Nordsee kaum Pulsationsanderungen 
als Folge der Temperaturanderungen aufweist, da sie als Meduse 
fast dauernd zwischen 9 und 17° lebt. Fiir Aurellien in der Ost- 
see, die viel niedrigere Temperaturen zu ertragen haben, liegt 
die Sache aber anders. Auch wo Aurellia zeitweise in sehr warmem 
Wasser lebt, mag es anders aussehen und mag ein Sinken durch 
Pulsationsabnahme stattfinden. Gleiches kénnte fiir Cyanea 
- lamarckit gelten. Was Rhizostoma und Chrysaora betrifft, kommen 
ihre Geschlechtstiere im Herbst bei Temperaturen, die gewiss 
viel zu niedrig fiir sie sind, bei uns vor. Ein Absinken ihrer 
Medusen infolge zu langsamer Pulsation mag bei ihnen denn 
auch regelmassig vorkommen. 

Was die Salinitat betrifft, so ist wahrscheinlich, dass da, wo 
plotzliche Salzgehaltsspriinge anwesend sind, die Quallen durch 
diese beeinflusst werden und ihre Schwimmrichtung andern 
kénnen, genau wie wir das auch fiir Grenzflachen zwischen 
Wassermassen verschiedener Temperaturen annahmen. Es sind 
mir aber wiederum keine Wahrnehmungen in dieser Richtung 
bekannt. — Nicht unwahrscheinlich ist weiter, dass zu niedrige 
Oberflachen- (oder zu hohe Tiefen-) salinitat durch Anderung 
der Pulsationsfrequenz mit einem Sinken (bezw. Aufsteigen) be- 
antwortet wird. Aus Untersuchungen von BETHE (1908) und 
BENAZZI (1933) geht namlich hervor, dass Abnahme der Salinitat 
die Frequenz und Intensitat der Pulsation bei Rhizostoma pulmo 
und Cotylorhiza tuberculata verlangsamt und schliesslich hemmt, 
BETHE (p. 553), der das Salzwasser mit destilliertem Wasser ver- 
diinnte, gibt an, dass bei seine: Versuchstieren (er arbeitete mit 
Rhizostoma) die Schlagfrequenz und -grosse sich innerhalb 48 Stun- 
den nicht anderte wenn die Verdiinnung nicht mehr als 20% des 
Ausgangswertes betrug, dariiber hinaus bekam er Verlangsamung 
und Hemmung. Erhéhung der Salinitat ergab unregelmassige 
Schlagzahl, die aber bald wieder normal wurde. Hinzugefiigt sei, 
dass die Ausgangssalinitat hoch war (20.5°/p9 Cl) und dass bei 
Erhéhung die Uberfiithrung in Aquariumwasser von 22.4°/9) Cl 
stattfand, das dem Seewasser gegeniiber Unterschiede gezeigt 
haben mag. — Weiter beschreibt Tui (p. 75) Erniedrigung der 
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Schlagzahl fiir Aurellia aus der Ostsee, wenn die Salinitat von 
4.3 (Ausgangswert) unter 7.—-°/,, sank +), obgleich die Pulsation 
zwischen 7.3 und 7.—°/9) erst ein wenig zunahm. Erhéhung der 
Salinitat (von 6.4 oder 7.2 bis 9-179/o9) verursachte (p. 80) 
hdhere Schlagfrequenz. Erniedrigung der Salinitat fand mit 
Leitungswasser, Erhéhung mit konzentriertem Seewasser statt, 
es wird aber nicht angegeben, wie dieses konzentriert wurde. — 
Dies Alles weist darauf hin, dass die Tiere bei Erniedrigung der 
Salinitat ihre Schlagzahl verringern und zu Boden sinken wer- 
den, dass Erhéhung des Salzgehaltes wahrscheinlich Erhéhung 
der Schlagzahl und einen Aufstieg verursachen wird. Da nun 
die Quallen in Wasser von niedriger Salinitat ausserdem sinken 
werden, weil sie spezifisch zu leicht sind, so werden sie, Salini- 
tatsanderungen wegen, in zwei Weisen auf den Boden gelangen: 
weil sie nicht mehr pulsieren und weil sie spezifisch relativ zu 
schwer werden. Letztere Méglichkeit kommt weiter unten noch 
kurz zur Sprache, es sei aber sogleich auf die Wichtigkeit dieser 
Tatsachen fiir den Transport der Quallen hingewiesen. Denn in 
dieser Weise kénnte im Kiistenwasser dem Transport bis in 
Gebiete mit einer zu niedrigen Salinitat hinein eine Grenze 
gesetzt sein. Im Wattenmeer z.B. sieht es aus, alsob nur wenig 
Medusen das Innere erreichten; auch aus dem Ubergangsgebiet 
zur friheren Zuiderzee waren (REDEKE, 1922) keine Scypho- 
medusen bekannt. Der Grund kénnte zwar sein, dass wenig 
Nordseewasser in dieses Gebiet gelangt. Ich glaube aber eher, 
dass die Quallen es nicht erreichen, wie das auch fiir viele 
schwimmende oder halbtreibende Arten gilt, die regelmassig 
vom Strom mitgefiihrt werden: Fische, Tintenfische, Schwimm- 
krabben. Erstere kehren einfach um, wenn der Strom sie in un- 
giinstiges Gebiet fiihrt, letztere graben sich ein um sich wieder vom 
Strom mitnehmen zu lassen, sobald er kehrt. Quallen nun kénn- 
ten dasselbe durch Anderung der Pulsationsfrequenz erreichen. 

Es sei schliesslich der Einfluss mechanischer Reize besprochen. 

Nach Bauer (p. 63-65) tritt auf mehrmalige oder heftige Er- 
schtitterung bei frischen, gut erregbaren Tieren unfehlbar eine 
Hemmung des Schlags ein, die an die Randorgane gebunden ist. 
Die Pulsation kann dabei sogar langere Zeit zum Stillstand ge- 
bracht werden. Diese Beobachtungen scheinen besonders Cotylo- 


1) Die Salinitatssenkung in diesen Versuchen ging bis 5°/o, Aurellia lebt 
in den inneren Scharen von Finnland nach Wikstrém bis in Wasser von BBV o0° 


DIE PERIODIZITAT IM AUFTRETEN, USW. 459 


rhiza zu gelten. ,,Die Arten, welche spezifisch verhaltnismassig 
schwer sind wie Rhizostoma und Pelagia, sinken alsdann rein passiv 
in die Tiefe und bleiben, da der Mundstiel mit seinen Filamenten 
schwerer ist wie die Glocke, stets in dieser Lage, welche sie beim 
Wiedereinsetzen der Bewegung auch wieder in ihr Wohngebiet, 
die oberflachlichen Schichten zuriickfiihrt’’. Cotylorhiza tuberculata 
aber verhalt sich ganz anders. ,,Auch diese Art ist spezifisch 
schwerer als das Wasser, ein Absinken in normaler Lage kommt 
aber kaum in Frage, da die reichverzweigten Filamente einen 
zu grossen Formwiderstand bieten, wovon man sich tiberzeugen 
kann, wenn man das Tier im Wasser niederzudriicken versucht. 
Durch den Druck werden die Zweige sofort entfaltet und hem- 
men nun die weitere Abwartsbewegung ausserordentlich. So ist 
es zu erklaren, dass sich die Art trotz so haufiger gerade fiir sie 
charakteristischer Schlagpausen an der Oberflache halt. Dauert 
aber die Ruhe langere Zeit an, wie bei fortwahrender Erschiitte- 
rung etwa durch den Wellenschlag, so tritt eine Anderung im 
Verhalten ein. Es zeigt sich dann, dass die Schwerkraftsverteilung 
bei dieser Art eine andere ist wie bei den soeben erwahnten: die 
Glocke ist schwerer wie die Filamente, ihre massive Mittelpartie 
stellt geradezu ein zentral wirkendes Gewicht dar, welches zur 
senkrechten Einstellung in verkehrter Lage fiihrt. In dieser Lage 
nun kann das Tier leicht absinken, da die glatte, keinen Wider- 
stand bietende Glocke sich titber die Kransen des Magenstiels 
legt. Man kann sich mit der Hand leicht tiberzeugen, dass mit 
der Glocke voran die Meduse leicht in die Tiefe geftihrt werden 
kann” (p. 65-66). In einer Fussnote fiigt BaveR dann hinzu, 
dass nach BozLerR Cotylorhiza sich (auch ohne Kompensations- 
bewegungen) rein passiv vertikal (Scheibe oben) stellt, ein Wider- 
spruch, den er nicht aufzuklaren vermag. 

Nicht nur Bozier, auch FRANKEL? gibt an, dass Cotylorhiza in der Ruhelage 
den Schirm oben hat und in dieser Lage sinkt. Es mag sein, dass der von 
BETHE (1910, p. 87-89) genannte Fall von Solmoneta (Aegineta) flavescens 
(KGlliker) in dieser Kontroverse Auskunft gibt. Er findet, dass diese Meduse 
ihr spezifisches Gewicht leicht andern kann und nun, in die verkehrte Lage 
versetzt, durch Aufrollen oder Umklappen der Tentakeln, die richtige Lage 
zuriickgewinnt. — Was weiter das genannte Absinken der Rhizostoma und 
Pelagia betrifft, so beantwortet Rhizostoma nach FRANKEL (p. 682) jeden 
mechanischen Reiz (auch das Abschneiden des Magenstiels, wobei dieser 
also nicht mehr die Gleichgewichtslage verursachen kann) mit Rickdrehung 
in die Normallage: Schirm oben, um dann (vgl. BozLer, 1926 a, p. 45) 


bei Erschtitterung und mechanischen Reizen nach oben zu steigen. Das Tier 
,fltichtet’’ also diesen Angaben zufolge nicht nach unten (wie BAUER angibt), 
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sondern nach oben. Fir Pelagia sollte nach BozLEeR (1926b, p. 801) das 
Umgekehrte gelten, was ihm biologisch viel besser verstandlich erscheint, 
da solche Reize wohl nur vom Wellenschlag bei Stiirmen ausgehen mégen. 
Diese Beobachtungen an Pelagia widersprechen aber wieder friheren von 
Bozier (1926 a, p. 46), nach denen auch Pelagia nach oben statt nach unten 
fliichtete. 

Ein in die Tiefe Sinken von Medusen im Zusammenhang mit 
der Wellenbewegung (und ein Wiederauftauchen bei ruhiger 
See) wird nach BAvER auch von STEUER angegeben; man sehe 
auch die Angaben von von LENDENFELD (Seite 448 dieses Beitrags), 
der Harcirts (1910, p. 220), von LEHMANN (1923, p. 37 und 
380), von Ucuipa (1926, p. 52, vergl. Seite 455 dieses Beitrags) 
und HorsTMANN (1934 a, p. 413) 7). Aus den Angaben von 
LEHMANN, BAUER und HorsTMANN geht hervor, dass das Sinken 
offenbar als Folge verschwindender Reizbarkeit bei Erschiitte- 
rung stattfindet. Da nun nach BAUER schwache mechanische 
Reize fordernd, starke hemmend auf den Schlagrhythmus ein- 
wirken, so mégen die obengenannten Widerspriiche teilweise von 
der Starke der Reize verursacht worden sein. Ubrigens kann es 
fiir ein Tier, das die ganze Wasserschicht vom Boden bis zur 
Oberflache bewohnt, von Vorteil sein das eine Mal auf-, das 
andere abwarts zu ,,fliehen’’. 

BAUER (p. 50) hat auch den Effekt mechanischer Reize auf 
bestimmte Teile der Meduse, was ihre Schlagfrequenz be- 
trifft, untersucht. Von diesen Beobachtungen sind fiir uns be- 
sonders die von Interesse, die zeigen, dass bei Rhizostoma und 
Cotylorhiza Beschleunigung der Schlagfrequenz auftritt, wenn die 
Filamente des Mundstiels leise den Boden beriihren, wahrend 
Hemmung des Schlages hervorgerufen wird bei mechanischer 
Reizung an zahlreichen Punkten zugleich, ,, wie sie am einfach- 
sten zu erzielen ist, wenn man die Medusen in umgekehrter oder 
seitlicher Lage an die Wasseroberflache bringt, so dass ein 
grosser Teil der Filamente mit der Luft in Berithrung kommt.” 
Er wies schon darauf hin, dass die Beschleunigung beim Beriihren 
des Bodens in der Natur von Wert sein mag (p. 67). 

Was zuletzt den genannten Einfluss der Wasseroberflache be- 


1) Auch fiir andere Tiergruppen gibt es Angaben tiber ein Sinken bei 
stiirmischem Wetter, das offenbar bei vielen Planktonformen vorkommt. 
Korrinca (1940) kommt aber, obgleich er selbst angibt (p. 106), dass 
Austernlarven im Aquarium bei Erschiitterung auf den Boden sinken und 
dort liegen bleiben, zum Schluss, dass sie bei stiirmischem Wetter draussen 
nicht aus dem Oberflachenwasser verschwinden (p. 112). 
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trifft, so gibt FRANKEL (p. 664) fiir Cotylorhiza an, dass diese Art 
durch verminderte Schlagfrequenz auf die Nahe der Oberflache 
reagiert. Das wird wiederum ein Absinken (oder wenigstens ein 
Schweben oder geringeres Aufsteigen) zur Folge haben. Beson- 
ders die pl6étzliche Gewichtszunahme beim teilweisen Auftauchen 
aus dem Wasser mag als Hemmnis auf die Pulsation wirken 
(BAUER, p. 56-57) und so ein Sinken verursachen. 
_ Die oben referierten Beobachtungen und Experimente machen 
einigermassen deutlich, in welcher Weise die Medusen zwischen 
' Oberflache und Boden aufgehangt sind. Das Bild ist zwar sehr 
' unvollstandig, wir brauchen aber nicht an dem grossen Einfluss 
der Umgebung auf die vertikalen Bewegungen zu zweifeln. Licht, 
Temperatur, Salzgehalt und mechanische oder Erschiitterungs- 
reize tun dabei alle das Thrige. 

Daneben aber nahmen wir an, dass auch rein passiv, unter 
Einfluss von Dichte-Unterschieden, Vertikalbewegungen vor- 
kommen und diese seien also zuletzt noch kurz besprochen. 

Die grosse Haufigkeit der Medusen unter bestimmten Um- 
standen in unmittelbarer Nahe des Bodens macht es wahrschein- 
lich, dass die Medusen nicht nur ,,aktiv’’, sondern auch passiv, 
in Bodennahe gelangen und zwar wenn sie in Wasser von etwas 
zu niedrigem Salzgehalte zu schwer sind. Schon VANHOFFEN 
(1896) wies auf den grossen Einfluss von Stromkabbelungen — 
in diesem Fall die Grenzen ozeanischer Wassermassen, wie Golf- 
strom, Irminger, Ostgriinland, Labrador- und Florida-Strom, 
andeutend — auf die Schwarmbildung an der Oberflache 
hin und 1903 beschrieb er (p. 35) Ansammlungen von Radio- 
larienkolonien, Velellen, Physalien, Porpiten, Ctenophoren, 
Glaucus, Fanthina (Gastropoden), Salpen, und besonders Pelagien, 
alle an den Grenzen dieser Stréme entlang zusammengehauft. 
BicELow (1928, p. 362) schreibt: “it is characteristic of Aurelia 
to appear suddenly in lines or windrows, often miles in length, 
as where two tidal currents meet. On such occasions, in calm 
weather, their shadowy forms can be seen shimmering as far 
down in the water as the eye can penetrate, while the white 
genital rings stand out conspicuously on the translucent bodies 
of those near the surface”. Und RussELt (1938 b, p. 272) sagt 
von Medusenschwarmen im allgemeinen: “in many instances 
such congregations are probably mechanically produced by tide- 
rips, or currents set up by the wind, or where oceanic currents 
impinge’’. Schliesslich sei fiir ein Beispiel auf die oben fir Den 
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Helder genannten Beobachtungen (28. Mai 1933) hingewiesen. — 
In diesem Zusammenhang ist von Interesse, dass gerade in Land- 
nahe, wo die Medusen so zahlreich sein konnen, immer Wasser- 
massen verschiedener Dichten auf einander stossen. — Nicht nur 
die Schwarmbildung an der Oberflache aber, sondern auch eine 
Ansammlung am Boden, wird langs solchen Stromgrenzen ge- 
fordert werden. Tiere aus Wasser hoher Salinitat werden sinken, 
wo sie mit etwas salzarmerem Wasser in Kontakt kommen, genau 
wie sie nach der Oberflache steigen, wo das Umgekehrte der 
Fall ist. Die Dauer des am Boden Liegens (oder an der Ober- 
flache Schwimmens) wird von den Dichte-Unterschieden zwi- 
schen dem alten und neuen Milieu abhangig sein. Fiir Medusen 
kenne ich in diesem Zusammenhang keine Zeitangaben ausser 
einem von BAUER (p. 57-58) ganz nebenbei gegebenen Beispiel 
von ungefahr drei Stunden. Das ist aber mehr als genug um 
bedeutende Anhaufungen zu bilden !), 


VI. ENGLISH SUMMARY 


This paper deals with the periodicity in the occurrence of five 
species of medusae, which are common along the Dutch coast. 
Its conclusions are largely based on observations made by H. van 
DER Maapen, Katwijk aan Zee, Holland, published in the same 
number of this volume, for a small part on data collected by 
the author near Den Helder, Holland, and further on data from 
literature. 

The bulk of the material is dealt with in Chapter III. In it 
the five species are treated separately and the following details 
are given under each species: 1. the period of occurrence of 
ephyrae and medusae on the Dutch coast, 2. the same particulars 
for neighbouring waters, ranging from southern England to the 
Baltic and Norway, 3. the retardation in the periodicity from 
S to N, 4. the influence of temperature on the periodicity of 
strobilation, 5. the life of the medusa preceding its first appearance 
at the surface, and the influence of temperature upon the latter, 


1) Nicht nur die Medusen selbst sind diesen Anhaufungen unterworfen, 
auch die Rippenqualle Pleurobrachia pileus (O. F. Miiller) wird bisweilen in 
so grosser Zahl mit dem engmaschigen Schleppnetz gefischt, dass man wohl 
eine passive Anhaufung am Boden annehmen muss. Fang nr. 117 vom 27. 
Juni 1939 (Tabelle I) enthielt ungefihr 3o%000 Stiick dieser Art. Dabei 
miissen durch die grossen Maschen im vorderen Teil des Netzes grosse 
Quantitaten hindurch gegangen sein. 
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6. the influence of external factors on the numbers of medusae 
in different years. General conclusions relating to these facts are 
given (in English) at the end of Chapter III. 

Chapter IV deals with the transport of medusae by currents. 
It is shown that the assumption, Chrysaora and Rhizostoma are not 
indigenous in the North Sea, but annually reach the latter (and 
in some years the Skagerrak and Kattegat) from the South 
through the Straits of Dover, does not hold, as the medusae of 
these species are produced within the North Sea and the distances 
travelled by them in the course of their existence are relatively 
small only. Of course, all medusae are transported a certain 
distance and their transport explains the later appearance of 
Chrysaora and Rhizostoma at a place where they do not breed than 
at a place where they breed. It probably also accounts for the 
appearance of different swarms of medusae of a definite size or 
colour at certain places. But the distances are relatively short 
compared with those which were often supposed to occur. 

Chapter V deals with the influence of external factors on the 
movements of medusae, especially on the vertical ones. It is 
chiefly based on data from literature, which concern the influence 
of light, temperature, salinity and mechanical stimulation. They 
combine to present a picture of the way in which the movements 
of jellyfish are influenced by their surroundings. 


VII. LITERATUR 


Agassiz, L., 1862. Contributions to the natural history of the United States 

~ of America. 4, 1-380. Boston. 

Acassiz, A. & Mayer, A. G., 1898. Studies from the Newport Marine 
Laboratory. XLI. On Dactylometra. Bull. Mus. Comp. Zool. Harvard 
Coll. 32, 1-11. 

Aurivituivs, CG. W. S., 1898a. Vergleichende thiergeographische Unter- 
suchungen tiber die Plankton-Fauna des Skageraks in den Jahren 1893- 
1897. Kongl. Svenska Vetensk.-Akad. Handl. 30, 1-426. 

~, 1898b. Om Hafsevertebraternas utveckslingstider ock periodici- 
teten i layformeras upptradende vid Sveriges vestkust. Bihang till Kongl. 
Svenska Vetensk.-Akad. Hand1l. 24, afd. IV, 1—go. 

Bauer, V., 1927. Die Schwimmbewegungen der Quallen und ihre reflek- 
torische Regulierung. Zeitschr. f. vergl. Physiol. 5, 37-69. 

Benazzi, M., 1933. L’influenza dell’ acqua di mare diluita sui movimenti 
ritmici delle Meduse. Boll. Zool. Napoli-Torino 4, 211-219. 

Betue, A., 1908. Die Bedeutung der Elektrolyten fiir die rhythmischen 
Bewegungen der Medusen. I. Die Wirkung der im Seewasser enthaltenen 
Salze auf die normale Meduse. Pfliiger’s Arch. f. d. ges. Physiol. 124,541-577. 


464 J. VERWEY 


, 1g1o. Notizen uber die Erhaltung des Kérpergleichgewichts 

schwimmender Tiere. Festschr. R. Hertwig 3, 83-92. Jena, Gustav Fischer. 

BicELow, H. B., 1928. Plankton of the offshore waters of the Gulf of Maine. 
Bull. U.S. Bur. of Fisheries 40, pt. 2, 1-509. 

Bocucxt, M., 1933. Sur le cycle évolutif de l’Aurelia aurita L. dans les eaux 
polonaises de la Baltique. Fragmenta faun. Mus. Zool. Polon. 2, 117-119. 

Bozier, E., 1926a. Sinnes- und nervenphysiologische Untersuchungen an 
Scyphomedusen. Zeitschr. f. vergl. Physiol. 4, 37-80. : 

, 1926b. Weitere Untersuchungen zur Sinnes -und Nervenphysiolo- 
gie der Medusen: Erregungsleitung, Funktion der Randkérper, Nahrungs- 
aufnahme. Ibid. 4, 797-817. 

Browne, E. T., 1895. Report on the Medusae of the L.M.B.C. District. Rep. 
Fauna of Liverpool Bay 4, 371-414. 

, 1904. Report on some Medusae from Norway and Spitzbergen. 
Bergens Museums Aarbog 1903, 1-36. 

- and others, 1900. The Fauna and Flora of Valencia Harbour. 
Proc. Roy. Irish Acad. (3), 5, 667-854. 

- Bruun, A. F., 1938. A new occurrence of Flying-fish (Cypsilurus heterurus) 
in Oslo Fiord. Nytt Mag. Naturv. Oslo 78, 295-299. 

CARRUTHERS, J. N., 1925. The water movements in the Southern North Sea. 
Fish. Invest. (2), 8, 1-119. 

, 1930. Further Investigations upon the water movements in the 
English Channel. Drift-bottle experiments in the summers of 1927, 1928 
and 1929, with critical notes on drift-bottle experiments in general. 
Journ. Mar. Biol. Ass. 17, 241-275. 

Cuuin, T. T., 1930. Le cycle évolutif du Scyphistome de Chrysaora. Etude 
histophysiologique. Trav. Stat. biol. Roscoff 8, 1-179. 

Co..etT, R., 1902. Meddelelser om Norges Fiske i aarene 1884-1901 (3 die 
Hoved-Supplement til “Norges Fiske’). I. Kristiania Vidensk. Selsk. 
Forhandl. 1902, 1-121. 

————,, 1903. ————_.. I. Ibid. 1903, 1-175. 

————-, 1905. —————- III Ibid. 1905, 1-173. 

Damas, D., 1909a. Plankton. In: Review of Norwegian Fishery and Marine 
Investigations, 1900-1908. Report on Norwegian Fishery and Marine 
Investigations 2, 93-106. Bergen. 

» 1909b. Contribution a la biologie des Gadides. Cons. perm. 
intern. Expl. Mer, Rapp. & Procés Verb. 10, 1-277. 

Deinse, A. B. VAN, 1924. Het optreden van kwallen in Nederland gedurende 
de maanden van het jaar. De Levende Natuur 28, 329-332. 

Detar, M. J. 1go1. Notes on the rearing of Chrysaora isosceles in an aqua- 
rium. The Irish Naturalist 10, 25-28. 

—— —, 1905. Notes on the rearing, in an aquarium, of Cyanea lamarcki 
Péron & Lésueur., Fish. Ireland, Sci. Investigations, 1902-"03, 20-22. 

» 1907. Notes on the rearing in an aquarium of Aurelia aurita, L. 
and Pelagia perla (Slabber). Fish. Ireland, Sci. Investigations, 1905, 
160-164. 

Dexap, M. & C., 1905. Notes on the plankton of Valencia Harbour, 1899- 
1g01. Fish. Ireland, Sci. Investigations, 1902-03, 3-19. 

» 1907. Notes on the plankton of Valencia Harbour, 1902-05. 
Fish. Ireland, Sci. Investigations, 1905, 141-159. 


DIE PERIODIZITAT IM AUFTRETEN, USW. 465 


_Forp, E., 1929. Herring investigations at Plymouth. V. The Plymouth 
winter fishery during the season 1927—’28. Journ. Mar. Biol. Ass. 16, 1-24. 

FRANKEL, G., 1925. Der statische Sinn der Medusen. Zeitschr. f. vergl. 
Physiol. 2, 658-690. 

Friscu, K. von, 1924. Sinnesphysiologie der Wassertiere (Referat). Verhandl. 
Deutsch. Zool. Gesellsch. 11-13 Juni 1924, 21-42. 

Gutson, G., 1924. Exploration de la mer sur les cétes de Belgique. Premiére 
Série. Recherches sur le milieu marin et ses variations au voisinage de 
la céte Belge. III. Recherches sur la dérive dans la Mer du Nord. Mém. 
Mus. Roy. d’Hist. Nat. de Belgique 35, 1-51. 

GoEDEcKE, E., 1940. Die Temperatur- und Salzgehaltsanomalien des Ober- 
flachenwassers der Deutschen Bucht auf Grund der deutschen Feuerschiffs- 
beobachtungen 1923-1936. Ber. Deutsch. Wiss. Komm. f. Meeresforsch. 
9, 254-263. re 

Graerre, E., 1884. Ubersicht der Seethierfauna des Golfes von Triest nebst 
Notizen uber Vorkommen, Lebensweise, Erscheinungs- und Fortpflan- 
zungszeit der einzelnen Arten. 3. Coelenteraten. Arb. Zool. Inst. Wien 
5, I-30. 

Gran, H. H., 1900. Hydrographic-biological studies of the North Atlantic 
Ocean and the coast of Nordland. Report on Norwegian Fishery- and 
Marine-Investigations 1, 1-92. 

Hanpz1, J., 1909. Einige Kapitel aus der Entwicklungsgeschichte von Chry- 
saora. Arb. Zool. Inst. Wien 17, 1-28. 

Hacmerer, A., 1930. Die Ziichtung verschiedener wirbelloser Meerestiere. 
Abderhalden’s Handbuch d. biol. Arbeitsmethoden Abt. TX, 5, 552-572. 
(Scyphozoa: 553-563). 

Hauiscu, W., 1933. Beobachtungen an Scyphopolypen. Zool. Anz. 104, 
296-304. 

Haraitt, Cx. W., 1902. Notes on the Coelenterate Fauna of Woods Hole. 
The Amer. Naturalist 36, 549-560. 

Harerrt, Cu. W. & Harcirt, G. T., 1910. Studies in the development of 
Scyphomedusae. Journ. of Morphol. 21, 217-262. 

Hartiaus, Cui., 1896. Die Coelenteraten Helgolands. Wiss. Meeresunters. 
Helgoland 1, 161-206. 

Harvey, H. W., 1928. Biological chemistry and physics of sea water. 1-194. 
Cambridge. At the University Press. 

Hyort, J. & Gran. H. H., 1900. Hydrographical-biological investigations 
of the Skagerrak and the Christiania Fiord. Report on Norwegian Fishery- 
and Marine-Investigations 1, 1-56. 

Horstmann, E., 1934a. Untersuchungen zur Physiologie der Schwimm- 
bewegungen der Scyphomedusae. Pfliiger’s Archiv 234, 406-420. 

, 1934b. Nerven- und muskelphysiologische Studien zur Schwimm- 
bewegung der Scyphomedusen. Ibid. 234, 421-431. 

Korrinca, P., 1940. Experiments and observations on swarming, pelagic life 
and setting in the European Flat Oyster, Ostrea edulis L. Arch. Néerl. 
Zool. 5, 1-249. 

Kramp, P. L., 1915. Medusae, Ctenophora and Chaetognathi. From the 
Great Belt and the Kattegat in 1909. Meddel. Komm. f. Havunders, 
Serie Plankton, I, 1-20. 

—, 1927. The Hydromedusae of the Danish waters. Kgl. Danske 


466 J. VERWEY 


vidensk. Selsk. Skrifter, Naturvidensk. og mathem. Afd., (8), 12, 1-287. 
» 1934. An exceptional occurrence of Rhizostoma octopus and 
Chrysaora hysoscella in the Danish waters in 1933. Journ. du Conseil g, 
211-221. 
, 1937. Polypdyr. II. Gopler. Danmarks Fauna 43, 1-223. Kopen- 
hagen. G.E.C. Gads Forlag. 
Kramp, P. L. & Damas, D., 1925. Les Méduses de la Norvége. Introduction 
et Partie spéciale I. Videnskab. Meddel. Dansk Naturhist. Forening 80, 


217-321. 
Krumpacu, T., 1925. Scyphozoa. In: Handbuch der Zoologie 1, 522-686. 
, 1930. —————. In: Die Tierwelt der Nord- und Ostsee 3, d 1-88. 


Lampert, F. J., 1936. Observations on the Scyphomedusae of the Thames 
Estuary. Trav. de la Stat. Zool. de Wimereux 12, 281-307. 

LEHMANN, C., 1923. Untersuchungen tiber die Sinnesorgane der Medusen. 
Zool. Jahrb. Abt. Allg. Zool. u. Physiol. 39, 321-394. 

LENDENFELD, R. von, 1884. Zur Metamorphose der Rhizostomen. Zool. 
Anz. 7, 429-431. 

, 1885. Local colour-varieties of Scyphomedusae. A new species 
produced in forty years? Proc. Linn. Soc. New South Wales (1), 9, 925-928. 

Loumann, H., 1908. Untersuchungen zur Feststellung des vollstandigen 
Gehaltes des Meeres an Plankton. Wiss. Meeresunters. Kiel 10, 131-370. 

Maapen, H. van DER, 1942a. Uber Cyanea capillata Eschscholtz und die 
sog. var. lamarcki Péron & Lesueur. Zool. Anz. 137, 63-70. 

, 1942b. Beobachtungen tiber Medusen am Strande von Katwijk 
aan Zee (Holland) in den Jahren 1933-1937. Arch. Néerl. de Zool. 6. 

Mc InrosH, 1927. Notes from the Gatty Marine Laboratory, St. Andrews. 
The Annals and Magazine of Nat. Hist. (g), 20, 1-22. 

MarinE BIOLoGicaAL AssOcIATION, 1931. Plymouth Marine Fauna, 1-371, 
Plymouth. 

Mayer, A. G., 1900. Some Medusae from the Tortugas, Florida. Bull. Mus. 
Comp. Zool. Harvard Coll. 37, 13-82. 

, 1910. Medusae of the world. 3. The Scyphomedusae. Washington. 
Carnegie Institution, Publ. 109, 499-735. 

Matus, K., 1880. Medusen werden durch Frost getétet. Zool. Anz. 3, 67-68. 

Moors, H. B., 1937. Marine Fauna of the Isle of Man. Proc. & Transact. 
Liverpool Biol. Soc. 50, 1-293. 

Osrercren, H., 1909. Cyanea palmstruchii (Swartz), eine verkannte Qualle 
aus dem Skagerack. Zool. Anz. 34, 464-474. 

Papenruss, E. J., 1936. The utility of the nematocysts in the classification 
of certain Scyphomedusae. I. Gyanea capillata, Cyanea palmstruchii, 
Dactylometra quinquecirrha, Dactylometra quinquecirrha var. Chesa- 
peakei, and Chrysaora hysoscella. Lunds Univers. Arsskrift, 31, Avd. 2, 1-2 5. 

Repveke, H. C., 1922. Flora en fauna der Zuiderzee. Monografie van een 
brakwatergebied. 1-460, Den Helder. C. de Boer Jr. 

————; 1936, ————.. Supplement. 1-176. (Bijlage 1-82). 

Rosg, M., 1925. Contribution a l’étude de la biologie du plankton. Le 
probléme des migrations verticales journaliéres. Arch. Zool. exper, et 
génér. 64, 387-542. 

Rowan, W., 1938. Light and seasonal reproduction in animals. Biol. Reviews 
13, 374-402. 


DIE PERIODIZITAT IM AUFTRETEN, USW. 467 


Russevi, F. S., 1925. The vertical distribution of marine macroplankton. 
An observation on diurnal changes. Journ. Mar. Biol. Ass. 13, 769-809. 

» 1926a. ———., II. The pelagic young of Teleostean Fishes in 
the daytime in the Plymouth area, with a note on the eggs of certain 
species. Ibid. 14, 101-159. 

» 1926b. ———__. IV. The apparent importance of light intensity 
as a controlling factor in the behaviour of certain species in the Plymouth 
area. Ibid. 14, 415-440. 

» 1927. The vertical distribution of plankton in the sea. Biol. 
Reviews 2, 213-262. 

» 1928a. The vertical distribution of marine macroplankton. VI. 
Further observations on diurnal changes. Journ. Mar. Biol. Ass. 15, 81-104. 


, 1928b. —————.. VII. Observations on the behaviour of Calanus 
finmarchicus. Ibid. 15, 429-454. 
» 1931. —————. X. Notes on the behaviour of Sagitta in the 


Plymouth area. Ibid. 17, 391-414. 

» 1931b. Notes on Cyanea caught in the ring-traw] in the Plymouth 
area during the years 1925 to 1930. Ibid. 17, 573-575. 

-, 1931c. The vertical distribution of marine macroplankton. XI. 
Further observations on diurnal changes. Ibid. 17, 767-784. 

> 1934. —————. XII. Some observations on the vertical distri- 
bution of Calanus finmarchicus in relation to light intensity. Ibid. 19, 
569-584: 

» 1935. The seasonal abundance and distribution of the pelagic 
young of Teleostean Fishes caught in the ring-trawl in offshore waters in 
the Plymouth area. Part II. Ibid. 20, 147-180. 

» 1938a. The Plymouth offshore Medusa Fauna. Ibid. 22, 411-440. 

, 1938b. Jelly-Fish. I. Scyphomedusae. The School Science 
Review 78, 268-279. 

Sars, M., 1841. Uber die Entwicklung der Medusa aurita und der Cyanea 
capillata. Wiegmann’s Archiv f. Naturgesch. 7, 9-34. 

Strasny, G., 1921. Studien uber Rhizostomeen, mit besonderer Beriick- 

_ sichtigung der Fauna des Malayischen Archipels, nebst einer Revision 
des Systems. Cap. Zoologica 1, 1-179. 

, 1928. Mitteilungen tuber Scyphomedusen. IT. Zool. Mededeel. 
LE=17 7-190. 

, 1930. Die Scyphomedusen-Sammlung du Musée royal d’histoire 
naturelle de Belgique. Mém. Mus. Roy. d’Hist. Natur. de Belgique 42, 1-31. 

Stok, J. P. vAN DER, 1905. Etudes des Phénoménes de Marée sur les Cotes 
Néerlandaises. II. Résultats d’observation faites 4 bord des bateaux- 
phares Néerlandais. Koninkl. Nederl. Meteorol. Instit. go, II, 1-84. 

Tutti, H., 1937. Beitrage zur Kenntnis der Aurelia aurita (L.). Zeitschr. f. 
wiss. Zool. 150, 51-96. 

Ucuina, T., 1927. The anatomy and development of a Rhizostome medusa, 
Mastigias papua L. Agassiz, with observations on the phylogeny of Rhizo- 
stomae. Journ. Fac. Sci. Imp. Univ. Tokyo, Sect. 4 (Zoology), 1, 45-95. 

UEXKULL, J. von, 1901. Die Schwimmbewegungen von Rhizostoma pulmo. 
Mitt. Zool. Stat. Neapel 14, 620-626. 

—, 1921. Medusen. In: Unwelt und Innenwelt der Tiere. 1-224. 

Berlin. Julius Springer. 


468 J. VERWEY 


Ussinc, H., 1927. Aurelia aurita’s biologi. Vidensk. Medd. nat. Forening 
Kobenhavn 84, 91-106. 

VANHGFFEN, E., 1896. Schwarmbildung im Meere. Zool. Anz. 19, 523-526. 

, 1903. Die acraspeden Medusen der Deutschen Tiefsee-Expedition 
1898-1899. Wiss. Ergebn. Deutscher Tiefsee-Exped. “Valdivia’”’ 1898-99, 
Gy iiereey 

WEILL, R., 1934. Contribution a l’étude des Cnidaires et de leurs némato- 
cystes. II. Valeur taxonomique du Cnidome. Tray. Station Zool. de 
Wimereux 11, 535-539- 

Wixstr6m, D. A., 1921. Iakttagelser om Gronmaneten (Aurelia aurita). 
Meddelanden Societ. Fauna Flora Fennica 47, 168-173. (Deutsche Zu- 
sammenfassung p. 223). 

, 1932. Beobachtungen tiber die Ohrenqualle (Aurelia aurita L.) 
in den Schéren SW-Finnlands. Memoranda Societat. Fauna Flora Fennica 
oR ety 

—., 1936. Iakttagelser om Gronmaneten (Aurelia aurita L.) i SW- 

Finlands Skargard. Memoranda Societat. Fauna Flora Fennica 11, 

216-226 (mit deutscher Zusammenfassung). 


J- VERWEY — DIE PERIODIZITAT IM AUFTRETEN UND DIE AKTIVEN UND PASSIVEN BEWEGUNGEN DER QUALLEN 


LAL Pa) LAT 
ARNE AANDE 
MALLS LE, 
ALL ALLL All, 
\ HANH 
PE SCAPTAIGALGAIGATARV CREAR | 
MAME AME AAI 
WALNEAL TA TDS 


VAY ; 
Ht PSENAUVRGARUABGEUANEEEULAV EEN} ; 


Fig. 2. Temperaturkurven fiir das Oberflachenwasser in der Nahe der hollandischen Feuerschiffe. Dekadenwerte. Diimne Linie: Durchschnittskurve fiir die Jahre 1921~37. 
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COMPTES RENDUS DE LA SOCIETE NEERLANDAISE 
DE ZOOLOGIE 
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Séance du 27 septembre 1941 au Jardin Zoologique 
»»Blij-Dorp’’ a4 Rotterdam 


1. Introduction du Directeur, M. le Dr. K. Kurper sur: 
Dessein et organisation du Jardin Zoologique ,,Blij-Dorp”’. 

Le déplacement du Jardin Zoologique de Rotterdam a été 
sérieusement a l’ordre plusieurs fois. 

Le troisiéme plan seulement pouvait étre réalisé. Trois avant- 
projets d’un nouveau jardin ont été faits. 

Le projet exécuté par l’Architecte S. vAN RAVESTEYN a des 
qualités qu’on ne saurait méconnaitre. On y admire en premier 
lieu le style élégant et joyeux et Vharmonie entre les détails du 
plan. Quand on se mit a l’ouvrage la situation politique était 
déja pleine de menaces, bientét la guerre fut déclarée. Dans 
ces circonstances le développement et l’exécution des plans 
furent tellement pressés qu’on n’a pas toujours fait droit aux 
demandes de la pratique de l’exploitation. 

Les instituts culturels particuliers non-subventionnés rencon- 
trent de grandes difficultés dans leur lutte pour la vie. Pour 
cette raison l’exploitation du Parc Zoologique Blij-Dorp a été 
fondée sur certains principes, qui promettent un compte sans 
déficit. I] n’y a pas de collection zoologique et botanique repré- 
sentative mais il y a une sélection d’animaux et de plantes, qui 
peuvent beacoup intéresser le grand public. On_ s’occupe 
chaque jour des divers animaux et on les nourrit en public, 
ce qui offre une distraction convenable et instructive aux 
spectateurs. Des expositions de fleurs, des concerts, des repré- 
sentations de ballets contribuent 4 couvrir l’exploitation du 
complex ,,Riviéra-Hal’’ avec son café-restaurant soigné. 

Le Riviéra-Hal (grande salle, ou l’on prétend imiter le climat 
de la Céte d’Azur) formant un ensemble avec les batiments 
des singes, des pachydermes et des reptiles et avec les serres de 
plantes, voila le centre du parc zoologique Blij-Dorp, spécia- 
lement pendant les mois d’hiver, la saison morte des autres 
jardins zoologiques. 

L’effort de faire un Zoo visité par le public pendant toute 
l’année et non seulement pendant |’été semble étre un succés 


jusqu’ici. 
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Aprés avoir résumé les allures modernes de !’exploitation du 
nouveau Parc Zoologique de Rotterdam M. Kuiper indiqua 
les régles principales pour la construction des logis d’animaux, 
qui, selon la définition lapidaire d’un collégue allemand, ont 
pour but: ,,das Tier in seinem Aussehen und seinem Verhalten 
zur Geltung zu bringen’’. 


2, Aprés cette introduction, les membres, au nombre d’en- 
viron 50, visitérent le terrain et les batiments sous la 
direction de M. le Dr. K. Kuiper et Mme le Dr. A. GijzENn. 


Séance du 8 novembre 1941 a Amsterdam 


1. P. D. Nreuwxoop (Utrecht). Quelques nouveaux ren- 
seignements sur l’origine des cellules génitales primordiales 
chez les Urodeéles. 

Chez Triton taeniatus et Amblystoma mexicanum le plasme, se 
trouvant au péle végétatif de l’oeuf indivisé, fournit au stade du 
bourgeon caudal la partie ventro-caudale de lentoderme. 
Pendant le développement les déplacements de ce plasme pré- 
sentent une analogie frappante avec le déplacement du_,,cyto- 
plasme germinal” chez les Anoures, lequel fournit les cellules 
génitales (BouNourRE). Cela a été constaté au moyen de marques 
colorées. 

L’enlévement de ce matériel chez les deux Urodéles au stade 
de la jeune gastrula ou au stade de l’ceuf indivisé ne change pas 
le nombre des cellules génitales. (Série A.) 

La partie dorsale de l’entoderme, particuligrement la couche, 
qui revétit au stade du bourgeon caudal la cavité archenté- 
rique, provient de la couche superficielle de la partie ventrale 
du territoire végétatif de la jeune gastrula. 

L’enlévement de cette couche au stade de jeune gastrula 
produit une diminution considérable du nombre des cel-+ 
lules génitales. (Serie B). Chez les Urodéles cette partie du 
territoire végétatif joue un grand réle dans la formation des 
cellules génitales. Cependant ceci ne démontre pas que les cellules 
génitales se forment par une différenciation de ce matériel indé- 
pendammant des tissus environnants. Une influence inductrice, 
provenant de ce matériel et agissant sur le mésoderme, ou une 
induction en sens invers, doit étre considéré. Sous l’influence de 
cette induction les cellules génitales pourraient se former. 

J’ai enlevé chez Triton taeniatus tout lentoderme de la jeune 


ZOOLOGIE — AOUT 1941 — JUILLET 1942 471 


neurula, et j’ai pu constater que les animaux contenaient encore 
des cellules génitales. Cela porte a croire qu’un déplacement 
trés précoce des cellules génitales de l’entoderme au mésoderme 
a eu lieu ici. 


En 1939 dans les expériences de la série A, j’ai probablement enlevé 
chez quelques animaux en méme temps le matériel de la serie B, ce qui 
alors a causé une reduction des cellules génitales (Séance du 20 avril 1940, 
Comptes Rendus de la Soc. Néerl. de Zoologie). 


2. L. H. BretscHnemer (Utrecht). Die Oogenese von 
Limnaea stagnalis (L.). 

Im Anschluss an die experimentelle Untersuchung an Limnaea- 
eiern (Cur. P. Raven, The effect of centrifugal force upon 
the eggs of Limnaea stagnalis. Comptes rend. néerl. zool. 1940), 
die ausgeht vom reifen, befruchteten Ei, interessierte uns die 
Frage, wie das Ei sich im Laufe der Oogenese bildet. Im reifen Ei 
konnten bisher verschiedene Bestandteile histo-chemisch nach- 
gewiesen werden (Kern, hyalines Grundplasma, Eiweissdotter, 
Fett, Glutathion, Oxydase-Peroxydase, Pigment, bestimmte 
Granula und Vacuolen). Uberdies besitzt das reife Ei einen 
einigermassen polaren Bau indem in der animalen Eihdlfte 
vorwiegend Plasma und der Kern, im vegetativen Teil der 
Dotter liegt. Das reife Ei kennzeichnet sich also bereits durch 
einen ziemlich komplizierten Bau. In welcher Form und zu 
welchem Zeitpunkte in der Oogenese alle diese Bestandteile 
auftreten, war die Fragestellung dieser Untersuchung. Uber 
Entstehen, Vermehren und Verteilung von: Eiweissdotter, Fett, 
und Enzymen wurde bereits an anderer Stelle berichtet 
(L. H. BretscHNEIDER, Handelingen v. h. 28. Ned. Natuur- 
en Geneeskundig Congres, 1941). 

Wir kénnen hier hinzufiigen, dass sich thymo-nukleinsaure 
Eiweisse nur in den Chromosomen der Oogonien und dann 
erst im reifen Ei zur Zeit der Reifungsteilung vorfinden, wahrend 
sie im Gesamtverlaufe der Oocytenentwicklung fehlen. Die Pola- 
ritat wird, bereits in der Gonade festgelegt. Wahrend des Wachs- 
tums orientiert sich die Eiachse immer senkrecht zur Gonaden- 
wand, wobei basal der vegetative Pol, lumenwarts der animale 
Pol liegt. Der Kern verschiebt sich schon sehr frithe gegen den 
animalen Pol. Aus der Zu- und Abnahme der Kerngrdsse 
wahrend der Oocytenentwicklung, der regen Stoffwechsel- 
tatigkeit des Nucleolus (Granula und Vacuolenbildung) und 
dem Auftreten und Verschwinden zahlreicher Granula (von 
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verschiedenem spec. Gewichte) im Kern, wird auf eine intensive 
Stoffwechselbeziehung zwischen Kern und Plasma geschlossen. 
Zentrifugieren der Gonade hat eine Stratifikation des Eiinhaltes 
zur Folge. Der aus Golgikérpern und Eiweisskristallen ent- 
stehende Dotter liegt im zentrifugalen Eiteil, die zu einer Fett- 
kappe vereinigten Fettvacuolen und der Kern liegen zentripetal, 
wahrend sich zwischen beiden eine Plasmazone befindet, in 
welcher sich flissigkeitserfiillte Wacuolen und Vacuolen mit 
einem zentralliegenden Granulum befinden. Die Zentrifugal- 
kraft stratifiziert auch den Kerninhalt, indem der schwere grosse 
Nucleolus zentrifugal orientiert ist und in einer Aussackung der 
Kernmembrane oder im Eiplasma liegt, wahrend im Kernsaft, 
ihrem spec. Gewicht gemass angeordnet, zalreiche Granula 
liegen. Aus der linearen Anordnung dieser Granula ist auf ein 
sie verbindendes Liningeriist zu schliessen. 


3. N. Tinsercen (Leyde). Sur le comportement de Satyrus 
semele (L.). 


Séance du 19 décembre 1941 a Utrecht 
1, H. J. Jorpan (Utrecht) donna un apercu de ses 
recherches en collaboration avec M. N. Postma sur la 
régulation du tonus musculaire par les ganglions pédaux 
de Helix pomatia L. 

On savait que les ganglions pédaux de l’escargot réglent la 
résistance contre une déformation passive des muscles selon leur 
propre état d’activité. Cet état d’activité s’accord avec la mesure 
de la déformation, 4 laquelle on a soumis les muscles du pied 
isolé de l’escargot. La réaction du muscle a cette régulation 
peut étre augmentation ou la diminution de la résistance, 
dont il est question. Notre tache a été, de localiser cette double 
influence de la part des ganglions. On n’avait pas réussi A 
atteindre ce but en changeant l’activité des ganglions par appli- 
cation de chloride de soude ou de cocaine, A cause de la diffu- 
sibilité de ces substances. Nous avons remplacé ces moyens 
par des électrodes en contact avec un accumulateur, fournissant 
un courant d’un voltage insuffisant pour stimuler les muscles, 
mais assez fort pour provoquer un électrotonus. Le cathélectro- 
tonus dorsal des ganglions active un centre excitateur, tandis 
que le cathélectrotonus ventral des ganglions augmente l’activité 
dun centre inhibiteur du tonus musculair, Voir pour les détails 
Proc. Nederl. Akad. v. Wetensch., Vol. XLIV, p. 1169, 1941. 
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2. P. Trepets (Utrecht). Uber einen Sperrmechanismus bei 
Galeopterus. 

Galeopterus (Galeopithecus) temminckit ist ein baumlebendes 
Saugetier, das sowohl beim Klettern als beim Ruhen an den 
Krallen hangt. Die dafiir notwendige dauernde Beugung der 
Krallen wird ohne Muskelwirkung durch einen Sperrmecha- 
nismus erhalten. An den ersten Phalangen der Finger und 
Zehen befinden sich in den Sehnenscheiden réhrenformige, an 
der Innenseite quergerippte Ligamente. Die Sehnen der am 
Krallenglied inserierenden langen Beugemuskeln tragen an der 
Stelle, wo sie durch das Ligament gehen, knorpelige Zahne. 
Beim Hangen werden die Sehnen gegen die Wand der Sehnen- 
scheide gezogen, sodass die Zahne ineinandergreifen; die Sehne 
wird gesperrt und die Kralle bleibt gebogen. 

Dieselben Sehnen werden auch noch auf andere Weise fixiert; 
denn an der Stelle, wo sie itiber das Metacarpophalangealgelenk 
schleifen, sind sie verbreitert und knorpelig und werden dort 
von einer Schlinge umfasst, die aus den verwachsenen Sehnen 
des Musculus palmaris longus und M. flexor digitorum sublimis 
entsteht (beim Fuss aus der Aponeurosis plantaris und M. flexor 
digit. brevis). 

Bei der Hand und dem Fuss ist die erste Phalanx recht- 
winklig dorsal gebogen, die zweite und dritte stehen wieder 
parallel zur Mittelhand- und Mittelfussebene. Durch diese eigen- 
tiimliche Stellung wirken sich beide Mechanismen beim Hangen 
an den Krallen maximal aus, denn dadurch wird die Sehne 
fest gegen die Scheide gezogen und die Aponeurose straff- 
gehalten. 

Beim Faultier Choloepus didactylis werden die Sperrschneiden 
der Hiilse in die glatte elastische Sehnenoberflache eingepresst. 

ScuaFFER, der die Sperrvorrichtungen bei den Fledermausen 
beschrieben hat, untersuchte auch Sciwrus und fand dort merk- - 
wiirdige Gelenke. Genau dasselbe findet sich auch bei den 
fliegenden Eichhérnchen Sciuropterus und Pteromys. Auch bei 
diesen Tieren nehmen die Knorpelzellen in den Fingergelenken 
nach der Gelenkoberflache hin an Grésse zu und springen 
halbkugelférmig in die Gelenkhéhle vor. Die Funktion ist viel- 
leicht diese, dass hierdurch bei den grossen Spriingen der Stoss 
gedampft wird. 
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3. J. Verwey (Leyde). Sur la périodicité annuelle dans la 
salinité de eau et la migration des animaux marins. 


4. E. J. Suyper (Utrecht). Biologic-anatomical investigations 
on the bipedal gait and upright posture in mammals, 
with special reference to a little goat, born without forelegs. 

Researches were made upon the characteristics of the loco- 

motor apparatus in bipedal and upright going mammals. In 
the first place these researches concerned the structure of some 
parts of the skeleton (hindleg, pelvis, thorax, vertebral column) 
in running, walking, climbing, bipedal jumping and hanging- 
climbing mammals as well as in flying mammals and man. In 
the second place researches were made upon the skeleton and 
the musculature of a little goat, born without forelegs. This 
animal died at the age of one year. The first seven months of 
this year it passed its days on the grass-field, moving forward 
by jumps on the hind legs in a semi-upright posture. The 
manner of locomotion was quite similar to that of a kangaroo. 

Characteristic adaptations to the bipedal gait and upright 

posture are: 

1. Pelvis. a. The combination of a nearly vertical ilium with 

a very narrow angulus ilio-lumbalis. b. A widening of the 
lumbo-sacral angle in those bipedal mammals in which it is 
required by the capacity of the pelvic cavity. c. A lengthening 
of the ilium, almost exclusively caused by a lengthening of its 
presacral part (m. glutaeus med.). d. Lengthening of the 
ischium. e. Lengthening of the symphysis. f. Widening of the 
whole pelvis. g. Better development of the psoas musculature 
in bipedal jumping, minor development of these muscles in 
hanging-climbing mammals and man. The characteristics men- 
tioned sub a, b, d, e and g were present in the bipedal goat in 
a very striking way. There was no lengthening: of the ilium, 
since the lengthening of the fibres of the m. glutaeus medius 
was brought about by an elongation and better development 
of the gluteal tongue. The pelvis was very narrow at the aceta- 
bulum in order to bring the acetabular joint-surface in the same 
paramedian plane with the ilio-sacral joint (elimination of a 
part of the exorotation). Moreover all the bones of the pelvis 
were thickened to a very marked extent. 

2. Thorax. a. Broadening and widening of the apertura tho- 

racis and the cranial part of the thorax, broadening of the first 
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sternebra. b. Curvature of the proximal parts of the ribs in a 
dorsal direction. c. Broadening and widening of the whole 
thorax (barrel-shaped thorax). d. Broadening and shortening 
of the whole sternum; synostosis of the different sternebrae. All 
the above-mentioned characteristics were found in the bipedal 
goat to a more or less extent. Moreover, this goat showed a 
reduction of the number of lobes of the right lung. In mammals 
a reduction of the number of lobes of the lungs is often attended 
with a widening and broadening of the thoracic cavity. 
See also: Proc. Nederl. Akad. v. Wetensch. 45, 1942, p. 288; 407. 


Séance du 24 janvier 1942 4 Amsterdam 
Cur. P. Raven (Utrecht). The neural crest. 

The neural crest or ganglion crest is a peculiar structure in 
the development of the Vertebrates. Originating so early in 
development that it may be considered as one of the “primary 
organ rudiments’’, it has as such a temporary existence, as its 
material at an early stage is dispersed through the body, where 
its cells differentiate into various tissues. It does not wonder, 
therefore, that the neural crest from the time of its discovery 
has been the object of much controversy, and that we have 
only in the last years obtained a better insight in its development. 

His described in 1868 the origin of the cranial and spinal 
ganglia of the chick from a strip of thickened ectoderm along 
the margin of the neural plate, called ,,Zwischenstrang” by him. 
According to BALFour (1877), these ganglia originate in the 
Selachii by proliferation from the roof of the neural tube after 
its closure. Since then, the development of the neural crest has 
been studied by many authors in various Vertebrates; its origin 
either from the neural tube or from the thin ectoderm outside 
the neural plate has been described many times; however, a 
generally accepted opinion as to its origin has not been attained. 
In the axolotl (Amblystoma mexicanum), it can easily be demon- 
strated that the material of the neural crest originates from a 
band of ectoderm, which surrounds the anlage of the central 
nervous system, and is lying at the open neural plate stage 
precisely at the limit between the thin ectoderm and the thick- 
ened epithelium of the neural plate. This band surrounds the 
neural plate also rostrally, so that the neural crest at a later 
stage reaches through the fore brain region anteriorly, as is 
confirmed by recent observations of BAKER & Graves. A study 
of the literature shows that the statements about the origin of 


476 GOMPTES RENDUS DE LA SOCIETE NEERLANDAISE DE 


the neural crest in other Vertebrates nearly always show an 
identical position of its material in the neurula. 

During further development the cells of the neural crest in 
the head region of the axolotl move from their original dorsal 
position in a ventral direction along the sides of the head and 
penetrate into the visceral arches. This ‘‘mesectoderm” forms 
a part of the cranial ganglia; moreover, it furnishes mesenchyme 
in the ventral region of the head, from which the anterior parts 
of the cranial trabeculae and the cartilaginous visceral skeleton, 
with the exception of the posterior basibranchium, develop. 
From many observations of other authors it is apparent that 
the same happens in other Vertebrates; however, the origin of 
a part of the cartilaginous cranium from the ‘“‘mesectoderm”’ 
could not yet be demonstrated in Sauropsids and Mammals. 

The development of the neural crest in the trunk region of 
the Urodeles cannot be studied as easily. Experiments, in which 
a part of the primordium of this material was transplanted 
xenoplastically from the axolotl upon Triton taeniatus, showed, 
however, that the cells of the trunk neural crest move in 3 direc- 
tions: ventrally between neural tube and somites; ventrolaterally 
between somites and epidermis, and dorsally into. the dorsal 
fin. This is confirmed by recent observations of DETWILER 
(1937) by means of vital staining. 

The differentiation of the material of the neural crest after 
its dispersion through the body can be studied by means of 
special experiments only. Much light was thrown upon it by 
the above-named experiment with xenoplastic transplantation 
of the trunk neural crest from axolotl to Triton, followed by 
measuring of the nuclei and statistical treatment of the results. 
These and other experiments showed that the material of the 
neural crest differentiates into the following tissue elements: 
ganglion cells of the cranial and spinal ganglia, sympathetic 
ganglion cells, cartilage of the head skeleton, connective tissue 
in head and trunk, expecially in the dorsal fin, in the corium, 
and the endomeninx, finally pigment cells. 

The spinal ganglion cells come only from the neural crest. 
The same holds true for the transient ganglion cells of RoHon & 
BrEaRD, situated in the dorsal part of the neural tube in lower 
Vertebrates. The cranial ganglia, on the contrary, derive for 
a major part from ectodermal placodes on the sides of the head, 
whereas the neural crest furnishes only a minor portion of these 
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ganglia. The sympathetic ganglion cells of the vertebral sympa- 
thetic ganglia have a double origin, coming partly from the 
neural crest, partly from the ventral half of the neural tube, 
as is shown by experiments, in which the median part of the 
neural plate was transplanted xenoplastically between axolotl 
and Triton. In this way, an old controversy as to the origin of 
these cells ends in a compromise. Experiments of Harrison 
(1904) seemed to show that the sheath cells of ScHwANN derive 
from the neural crest, too. The xenoplastic transplantations 
showed, however, that this is not the case; these cells come, on 
the contrary, from the ventral part of the neural tube. This 
opinion is, however, not shared by most authors. 

The development of a part of the cartilaginous cranium from 
cells of neural crest origin, as observed in sections of normal 
embryos, was confirmed in the following experiments: exstirpa- 
tion of the neural crest, followed by defects in the head skeleton; 
heteroplastic orthotopic transplantation of this material, where- 
after the cells retain their own specific growth rate, leading to 
disharmonies in the composition of the cranium (Harrison); 
heterotopic transplantation of the cranial neural crest, differ- 
entiating into cartilage in the abdominal wall of the host, and 
retaining its species character after xenoplastic transplantation. 
The fact that the neural crest in the trunk region does not 
contribute to the development of the axial skeleton is rather 
remarkable. 

In head and trunk, the neural crest forms large masses of 
connective tissue. Transplants from the neural folds nearly 
always form connective tissue, too. The development of the 
dorsal fin and, partly, of the gills is dependent upon the presence 
of this tissue. In Urodeles, it furnishes the material of the 
corium, as well as that of the endomeninx, whereas the ecto- 
meninx derives at least in a large measure from mesenchyme 
of sclerotome origin. In the head, the tooth papillae and the 
osteoblasts, which form the bony skull, originate, in all proba- 
bility, at least partly from the mesectoderm. 

Finally, the neural crest forms many pigment cells. Experi- 
ments of DusHANE prove, that in the Urodeles the melanophores, 
xanthophores and guanophores in the skin and the viscera 
(with the exception, perhaps, of the epidermal melanophores) 
derive from the neural crest. In the pigment formation of the 
subepidermal melanophores the overlying epidermis plays a 
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part, as is shown in xenoplastic transplantation experiments 
with the white axolotl. In other Vertebrates, too, the neural 
crest furnishes pigment cells (Dorris). Experiments of Ttwirty 
with Triturus prove, that the species-specific character of the 
skin pigmentation depends upon the properties of these pigment 
cells of neural crest origin. 

In view of the peculiar development of the neural crest, many 
problems as to the causality of this development arise. Experi- 
ments, in which the material of the neural crest was trans- 
planted in early stages of development showed that in the 
Amphibia the tendencies for differentiation into cartilage, gang- 
lion cells and connective tissue arise in a late gastrula stage. It 
is not yet known, however, what determines this material; 
probably, the lateral parts of the archenteron roof play a part 
in this determination process. We know that the neural crest 
may be induced independently from the central nervous system. 
What factors may be responsible for the extensive migrations 
of these cells, is not clear; an experimental investigation of this 
problem has begun. As to the inductive properties of the neural 
crest material itself, transplantations of Rana mesectoderm into 
Triton have shown that this material has an influence upon the 
determination of the neural plate and of the balancer of the 
host. Experiments of other authors prove the part the neural 
crest plays in the determination of the auditory vesicle (TRAM- 
puscH), of the adhesive discs of Anura (VINTEMBERGER) and of 
the dorsal fin of the Urodeles (TERNt). 


Séance du 21 mars 1942 a Utrecht 

1. J. J. Duyven—E pre Wir (Utrecht) (en collaboration 
avec M. F. GC. vAN DER Kaay et M.L. H. BRerscHNEIDER): 
Relations entre le poids la grandeur des cellules théca et 
granulosa, la tenéur en progesterone et lipoides du corps 
jaune de la vache pleine et la durée de la gestation. 
Voir: L. H. Brerscunemer, J. J. Duyvené pe Wrr und 
F. C. vAN DER Kaay: Die Bezichung zwischen Gewicht, 
Grdésse der Theka- und Granulosazellen, Progesteron- und 
Fettgehalt des Corpus luteum graviditatis des Rindes und 
Schwangerschaftsdauer. Klin. Wchschr. 1942. p. 456. 


2. V. WestHorr (Utrecht). La distribution des fourmis, leur 


position sociologique et I’écologie de leurs nids dans les 
foréts néerlandaises. 
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Pendant année 1941 nous avons fait des recherches sur 
la distribution quantitative des fourmis dans les foréts néer- 
landaises. Premiérement nous avons voulu contribuer a étude 
des biocoenoses en totalité (donc pas de la faune a part); de 
Pautre cdté nous avons taché d’étre utiles 4 ’économie forestiére, 
quelques espéces de fourmis étant utiles, d’autres nuisibles, Pour 
analyser des biotopes nous nous sommes servis de la méthode 
phytosociologique de BRAUN-BLANQUET, qui permet de les carac- 
tériser le plus exactement. Dans 8 des 11 provinces nous étudions 
25 types de bois (14 associations et sous-associations, donc des 
foréts plus ou moins naturelles, et 11 types de bois culturels), 
Dans tous ces bois des relevés phytosociologiques (c’est-a-dire des 
recherches sur des surfaces déterminées, ot sont notées toutes 
les espéces de plantes, leur abondance et leur dominance en 
chiffres, et les conditions écologiques) ont été faits sur 126 sur- 
faces en total, chacune de 100 m?; le nombre des nids de fourmis 
de chaque espéce y fut déterminé; ensuite Dart de batir les nids 
et la conduite des fourmis y furent étudiés. C’est ainsi que nous 
avons fait des recherches sur 2000 nids environ; 23 des 48 espéces 
indigénes peuvent vivre dans les bois. Nous avons trouvés que 
chaque type de bois correspond a un ensemble spécial des 
fourmis. Le milieu le plus favorable est la forét de chénes et de 
bouleaux (Querceto roboris-Betuletum typicum) du sol sec et 
silicieux: 16 espéces en total, nombre des nids sur 100 m? 17-82. 
L’étude du développement des plantations primitivement nues 
a indiqué, que l’étage herbacée décide en premier lieu de l’in- 
stallation des fourmis et non pas la strate arborescente. A mesure 
que, par exemple, un bois de pins sylvestres s’enrichit d’un 
sous-bois et se développe pour devenir le climax, le nombre des 
espéces de fourmis augmente de 1 a 12, le nombre des nids de 
3 a 78 sur 100 m?. 

Des faits intéressants faunistiques et écologiques furent con- 
statés aussi. Comme les fourmis montrent une grande souplesse 
quant a l’art de batir leurs nids, l’étude des nids différents 
possibles dans les biotopes divers nous a donné une bonne idée 
de l’influence du milieu sur l’espéce. 


Séance du 18 avril 1942 a Amsterdam 
1. Mlle W. S. S. van BENTHEM JuTTinc (Amsterdam). Mol- 
lusques d’eau douce de la partie séche du nord-est du Brésil. 
Paraitra dans: Archiv fir Hydrobiologie. 
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2. H. Encex (Amsterdam). Sur le genre Dolabella. 

D. gigas (Rang) seule se distingue par la coquille et le pénis 
armé, toutes les autres Dolabelles doivent étre réunies dans une 
seule espéce D. scapula (Martyn), habitant l’Indopacific, de la 
Mer Rouge et l’Afrique du Sud, jusqu’aux cdtes occidentales 
de l’Amérique. 

Voir: Zoologische Mededeelingen, Rijksmuseum Nat. Historie, 
Leiden, XXIV, 1942, p. 197-239. 

3. A. Punr (Utrecht). Problems in gas-exchange of fishes. 

In addition to the publication by J. JoncBLoED and A. Punt 
(Acta brevia neerlandica XII, 43, 1942) which described a new 
method of continuous determination of the “‘basal’’ gas-exchange 
in fish, the difficulties in measuring this value were discussed. 
The influence was shown of temperature, feeding, salt concen- 
tration and oxygen pressure. The correlation between gas- 
exchange and body weight and the surface-area law were dis- 
cussed. 


Séance du 21 mai 1942 a Groningen 


J. Verwey (Leyde). La cause de la distribution de quelques 
Acéphales de la céte néerlandaise. 


Séance du 3 juin 1942 4 Amsterdam 


B. J. Kriycsman (Utrecht). Une causerie générale sur les 
phénoménes électriques des nerfs et des muscles. 


Séance du 12 juin 1942 a Utrecht 


N. Trnpercen (Leiden). Une causerie générale sur les 
recherches éthologiques, spécialement dans la station zoo- 
logique du Helder. 


Séance du 11 juillet 1942 4 Abcoude, 4 la fin du cours 
de limnologie lacustre (du 23 juin au 11 juillet rog2 a 
Abcoude et encore du 1g au 27 juillet 1942) 


1, A. VAN DER WerrF (Abcoude). Hydrographie et hydro- 

biologie du lac d’Abcoude. 

Le lac d’Abcoude, situé au nord-ouest du village d’Abcoude 
(province d’Utrecht) est une flaque d’eau d’une profondeur 
maximale de 2.70 m., qui doit étre considéré comme dilatation 
locale du systéme de cours d’eau, formé entre les deux vieilles 
branches du Rhin, les fleuves Vecht et Amstel. 
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—— Divection cle lean saumatie 


n* 


: 


Lac d'Abcoune 


Tous. ces cours d’eau forment une partie du systéme de 
canaux, administré par le Conseil d’administration d’Amstel- 
land et aussi le lac d’Abcoude en forme une subdivision. 

A Pouest le lac d’Abcoude se joint a ’ Amstel par deux cours 
d’eau différents Angstel-Winkel—Waver et Holendrecht—Bulle- 
wijk; a l’est les petites rivi¢res Gein et Gaasp forment la jonction 
avec le Vecht. } 

Par suite de l’écoulement de l’eau des polders dans le systéme 
des canaux et de ceux-ci dans l’IJsselmeer, leau du lac 
d’Abcoude présente une composition trés variable. Cela fiat 
déja constaté en 1924, lorsque Mme. Wibaut-Isebree Moens, 
M. Heymann et M. Redeke firent des recherches détaillées sur 
VPhydrodynamie et les changements dans la composition de l’eau 
de cette région. 

Des observations spéciales, faites simultanément a environ 
80 stations, ont montré, qu’un courant saumatre venait du 
nord par les riviéres Amstel, Bullewijk et Holendrecht et un 
autre du sud par le Waver, Winkel et Angstel et plus dircetement 
encore par le Waver et Holendrecht. 

Evidemment ces deux sources saumatres donnérent lieu a 
des variations considérables de la salinité de leau du lac 
d’Abcoude (Cl en mgr/] 66-1070). 

On pouvait constater que la source saumatre au nord devait 
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étre le Zuiderzee, au sud les polders trés profonds de ,,Groot 
Mijdrecht” et ,,Ronde Venen’’, ot se trouvent de sources sau- 
matres dont l’eau est tiré par une machine d’épuisement ,,De 
Voogt” et laché dans le Waver. (Voir la carte). 

Avant 1920 l’eau saumatre ne pouvait pas arriver au lac 
_ d@’Abcoude; un changement de I’épuisement des polders men- 
tionnés ci-dessus fit cause que le lac et ses environs furent trop 
salés et que la composition du plancton fat tout a fait modifiée. 
Au lieu d’un riche plancton originel d’eau douce, un plancton 
adapté a un titre chlorique trés variable se formait, un plancton 
aux caractéres oligo- ou faiblement mesohalins et composé prin- 

cipalement d’ubiquistes. Cette situation dura jusqu’a 1940. 
' Alors on commenga a construire une nouvelle route d’Amster- 
~ dam a Utrecht et lié a cela, il était nécessaire de faire un barrage 
dans le Winkel et le Holendrecht. En méme temps la source 
saumatre du nord, le Zuiderzee, disparit et fat remplacée par 
PIJsselmeer, une grande flaque d’eau douce. Au contraire, la 
source saumatre au sud existait toujours, mais pour le moment 
l’eau saumatre du Waver ne peut pas arriver au lac d’Abcoude 
grace aux barrages. 

Actuellement le titre chlorique du lac est de 80 4 go mgr/l. 
Cette situation dure déja environ deux ans et continuera encore 
olngtemps. Des recherches nouvelles nous apprendront les 
modifications eventuelles du plancton et aussi, de quel genre 
elles seront. 


2. B. J. KrijcsmMaN prononga, pour célébrer linstallation 
des cours de limnologie annuels & Abcoude un petit 
discours trés spirituel sur: ,,Une nouvelle espéce du lac 
d’Abcoude”’, qui a eu beaucoup de succes. 


